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ERRATA 


17 Equation (9): after the “equals” sign, in the 
expression enclosed in square brackets, a subscript 
“7”? is missing from ‘\’”’, which should appear as 
se \" ” 

Equation (59), the exponential should read “*e "9", 
Equation (60), insert ‘dr’? before the second equals 
sign. The exponential should read “e “1”, 
Equation (61), the exponential should read “e-*"“—-)””, 
Equation (62), the exponential should read “e-"-)””, 
The body burden value for ;;Sb'> opposite ‘‘Liver”’, 
near the foot of the third column, should read 
“3 x 10°” not “3 x 10-3”, 

Opposite 52Te!>" (sol.) Testis, near the top of the 
fourth column of the table, “6 x 10-7 should read 
“6 x 107%’, 

Opposite ¢4Gd'*® (sol.) GI(LLI), about the middle of 
the fifth column of the table, ‘‘10~-%” should read 
“10 o7 


Opposite ;oYb"*® (sol.) GI (LLD, near the top of the 
fifth column of the table, ‘‘6 10-*” should read 
“7 x-ae*”. 


In column 4 opposite C'™(COg,), the seventh item 


on. °° 


down should read **0-27’’ not **2-7 


Opposite Ileum (68), under the column headed 
*Cd”’, “*< 26-0” should read ** < 0-26”. 

Opposite Rb*’ in column 11, just above the bold rule 
“4 10” should read “4 10°*”’, 

In the second column of the table, the fourth item 
down should read “*Sr**”’ not “S**”’, 


In the second column of the table, the fourth item 
down should read **In™5™” not “Sin™””’, 


Second item in the second column should read “*Pa?8?”? 
not **Pa?82”’, 

226 Opposite U: 
Column 12, *‘0°33”? should read **0-11”’ 
Column 13, 3-3 x 10-5”? should read **1-1 x 10-5” 
Column 14, ‘‘0-083” should read ‘*0-028”’. 
Opposite U2" in column 11, “0-44” should read “0°85”, 


230 Opposite Bk, top item in the ninth column should read 
“10 59? 

233 Seventh item from the bottom of the left-hand column 
should read ‘‘e”’ not “*e”. 
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REPORT OF COMMITTEE II ON PERMISSIBLE 
DOSE FOR INTERNAL RADIATION (1959) 


I. INTRODUCTION 


THE task of Committee II of the International Commission on Radiological Protec- 
tion, ICRP, is to recommend values of maximum permissible body burden of radio- 
nuclides, g, and maximum permissible concentration of these nuclides, MPC, in air 
and in water (or food). These values are provided only for the more important 
radionuclides, and they are applicable primarily to occupational exposure. This 
Committee has recognized that such compilations are of limited usefulness unless 
periodically revised to incorporate the best available information and extended to 
include the values required by new developments and uses. It has worked closely 
with several of the national committees and in particular with the Internal Dose 
Committee of the United States National Committee on Radiation Protection, 
NCRP, in collecting these data and in making revisions of the earlier publications on 
internal dose published by the NCRP (1953) and by the ICRP (1955). In 
addition to revising and extending the earlier publications, the members of both 
committees hope that this publication will be a means of harmonizing and unifying 
the objectives and principles used by the international committee and by the various 
national committees in arriving at their decisions. The hope is expressed that the 
national internal dose committees will apply the same basic principles of radiation 
protection and will adopt the permissible exposure values recommended by the 
ICRP or will indicate the conditions and considerations which require their 
modification. 

The basic recommendations concerning radiation exposure have been revised in 
recent years by the ICRP) and are reprinted in the present volume. Similar revisions 
have been made by the NCRP.) An examination of the 1958 Report of the ICRP 
reveals that the major changes of interest to Committee II are the following: 

(1) Instead of a weekly limit, a quarterly limit is recommended thus giving 

greater flexibility for many operations. 

(2) While the permissible quarterly rates are essentially comparable to former 
permissible rates, a limit on integrated dose is imposed in the case of exposure 
of the blood-forming organs and the gonads. The ICRP Recommendations‘) 
also apply the limit on integrated dose to the lenses of the eyes, but the 
relevant data are so inadequate the eyes are not considered as an organ of 
reference in this report. , 

(3) Explicit recommendations are given for some non-occupational groups and 
limits are suggested for the whole population. 

A comparison of the present publication with earlier versions will reveal the very 
extensive modifications required by new data and methods of estimating internal 
dose, and will indicate that the number of radionuclides listed in the earlier publica- 
tions has been increased by about a factor of three. All biological and physical data 
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used in the earlier versions have been reviewed, and the permissible exposure values 
have been revised accordingly. Refinements in the calculations for the exposure of 
the gastrointestinal tract and for chains of radionuclides in the body have resulted in 
new values for many of the permissible limits. ‘The power function model is discussed 
in the Appendix as an alternative method of estimating the body burden for certain 
long-lived radionuclides. The data in the tables are expressed in terms of the 
exponential or compartment model for retention and elimination, but the maximum 
permissible concentration (MPC) and body burden values listed in the tables were 
selected after careful consideration by the Committee of the values obtained by the 
use of both models. While it is clearly impossible to be completely abreast of the 
literature in such a rapidly developing field, this revision probably represents the 
most important findings through 1957 as well as those in a few early publications of 
1958. 

All MPC values are given for a 40 hr work week as well as for continuous exposure, 
i.e. a 168 hr week. Previous editions of the internal dose publications gave values 
based on continuous exposure, partly because these same values sometimes were 
used, with an appropriate factor, to apply ts cases of continuous non-occupational 
exposure and also because of variations in the actual work week. The values based on 
a 40 hr work week are included because they are directly applicable to the standard 
working conditions existing in many countries. 

The values listed for continuous occupational exposure are convenient in obtaining 
permissible levels for special groups and for the population at large in accordance 
with the Report of the ICRP.) The appropriate factors to be applied in 
obtaining permissible levels for these groups are discussed in Sections II.3 and II.4. 
Because the continuous exposure values listed neglect several important considera- 
tions, particularly differences between children and adults, it should be emphasized 
that, even when corrected by the above factors, these can only be regarded as 
interim values for non-occupational exposure. It is hoped that the term “‘continuous 
occupational exposure values”’ will emphasize the provisional nature of their use for 
other purposes. 

Although the data on which the MPC values are based are very incomplete and 
in some cases uncertain, they embody the latest and best research of hundreds of 
scientists, and it is believed that these MPC values are the best now available. They 
should serve as a guide to indicate whether the operational procedures used in 
practice are adequate to insure that the dose delivered by internally deposited 
radioactive material does not exceed the pertinent permissible limit set by ICRP. 

For many radionuclides the radiation exposure period may last for many months 
or even a lifetime, although the intake may have occurred in a relatively short time. 
When radioactive contaminants are deposited in the body, it is often difficult to 
make an accurate estimate of the total body burden or of its distribution in the body. 
In most cases, even when the fact is established that a person carries a large internal 
burden of a radionuclide, little can be done to hasten its elimination from the body. 
According to one theory, any dose of ionizing radiation, no matter how small, may 
produce some genetic or somatic damage, and thus, it is considered wise to avoid all 
unnecessary exposure to radionuclides. This has been pointed out, also, by several 
national®) and international) organizations. However, in the light of present 
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knowledge, occupational exposure for the working life of an individual at the 
maximum permissible values recommended in this report is not expected to entail 
appreciable risk of damage to the individual or to present a hazard more severe than 
those commonly accepted in other present day industries. The values given in this 
report are listed for occupational exposure and must be corrected by the application 
of appropriate factors for other uses, and in all cases the resultant tissue doses are 
intended to be in addition to those produced by the natural background and medical 


exposure. 


II. BASIC STANDARDS OF MAXIMUM PERMISSIBLE INTERNAL EXPOSURE 


1, Exposure categories. The ICRP‘) has made basic recommendations or suggestions 
concerning exposure to ionizing radiation for the following categories of exposure: 

A. Occupational exposure. 

B. Exposure of special groups: 

(a) Adults who work in the vicinity of controlled areas (see paragraphs 71 and 
72 of the ICRP Report,()) but who are not themselves employed on work 
causing exposure to radiation. 

(b) Adults who enter controlled areas occasionally in the course of their duties, 
but are not regarded as radiation workers. 

(c) Members of the public living in the neighborhood of controlled areas. 

C. Exposure of the population at large. 

In principle both the exposure of individuals and averages over the whole popula- 
tion have to be considered, but recommendations with regard to individual exposure 
are given only for the groups (A) and (B). Moreover, the ICRP considers that doses 
resulting from natural background radiation or individual doses resulting from 
medical and dental exposure are in addition to maximum permissible doses 
recommended in the report. 

2. Occupational exposure (category (A). See paragraphs 46-52, ICRP Report.)) The 
basic rules concerned with occupational exposure due to internally deposited 
radionuclides are the following: 

(a) The dose to the gonads or to the total body during any period of 13 consecutive 
weeks shall not exceed 3 rems. The dose to the gonads or to the total body at age V 
years shall not exceed 5(.N—18) rems in case occupational exposure begins after age 18. 
If occupational exposure begins before age 18, the yearly dose before age 18 shall not 
exceed 5 rems and the dose to age 30 shall not exceed 60 rems. 

(b) The effective RBE dose delivered to the bone from internal or external 
radiation during any 13 week period averaged over the entire skeleton shall not 
exceed the average RBE dose to the skeleton due to a body burden of 0.1 wc of Ra?*®, 
This is considered to correspond to a dose rate of 0.56 rem/week in the case of Ra?*6 
(derived from a dose rate of 0.06 rad/week, an RBE of 10 and n = 1). In computing 
the effective RBE dose to the skeleton, all absorbed energy shall be weighted by a 
relative damage factor, n. The relative damage factor, n, is taken as one for all 
energy absorbed from external radiation and for all internal emitters when the 
element taken into the body is an isotope of radium. If the isotope taken into the 
body is not an isotope of radium, the relative damage factor, n, is taken as 1 for all 
energy absorbed from X- or y-radiation and as 5 for all other energy components, 
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whether they originate from the parent or the daughters it produces in the body. 
The effective energy is listed in Table 5 as SEF(RBE)n. For a more detailed discussion 
and examples, see Section IV.2 and V.1. 

(c) The dose to any single organ of the body, excepting the gonads, bone, skin 
and thyroid, shall not exceed 4 rems in any 13 week period, or 15 rems in 1 year. 
The dose to skin and thyroid shall not exceed 8 rems in any 13 week period, or 
30 rems in 1 year. 

The decision of the ICRP (1956) to set the average external occupational 
exposure at 5 rems/year (corresponding to 0.1 rem/week) is not applied to internal 
dose calculations except in the cases of radionuclides that are distributed rather 
uniformly throughout the body or are concentrated in the gonads. The purpose of 
limiting the average weekly total body dose (0.1 rem) to one-third of the former 
maximum weekly dose (0.3 rem) was to lessen the possible incidence of certain 
types of somatic damage, e.g. radiation induced leukemia and shortening of life 
span, which are considered to result primarily from total body exposure. Obviously, 
the reduction in the gonad dose was intended to lower the incidence of deleterious 
genetic mutations that will give rise to effects appearing in future generations. 

Inasmuch as the restriction of integrated dose applies primarily to the total body 
and gonad dose, there is no basic change in the permissible RBE dose rate when 
individual organs“) such as liver, spleen, bone, gastrointestinal (G1) tract and 
kidney are the critical body organs for reasons given in ICRP report paragraph 14.) 
It should be noted that the limits recommended here are maximal. In practice, the 
average occupationally exposed individual would receive a much lower dose. 

Because the direct estimation of the body burden or of the dose to an organ or to 
the total body is generally. difficult, and because in most cases measures to decrease 
the body burden are rather ineffective and difficult to apply, the cnly practical 
procedure for general protection of occupational workers is to limit the concentration 
of the various radionuclides in the water, food or air available for consumption. It is 
recommended, therefore, that: 

(1) If there is no occupational external exposure, the concentration of a radio- 
nuclide or a mixture of radionuclides in air and in water which might be consumed 
by plant personnel during a 40 hr week be kept at levels not exceeding the appropriate 
MPC values given in this report. If there is occupational external exposure, the MPC 
values must be lowered to bring the total RBE doses within the limits prescribed by 
the basic rules. Thus, if D rem is the quarterly dose permitted to an organ by the 
basic rules and if external radiation delivers a dose E rem per quarter, then the MPC 
based on this organ must be reduced by the factor (D—E)/D. The calculation of an 
acceptable level for the case of a mixture of radionuclides is discussed in Section IV.8. 

(2) Alternatively, over a period of 13 weeks, the concentrations of the various 
radionuclides present in air or in water may be allowed to vary, provided the total 
intake during any 13 week period does not exceed the total intake permitted by 
exposure at the constant levels indicated in subsection (1) above. It should be 
realized that while this method is in accordance with the basic recommendations its 
use is cumbersome, expensive and generally difficult, because it requires accurate 
and continuous monitoring of work areas and the keeping of detailed exposure 
histories for each individual. Its use is, therefore, only justified in exceptional cases. 
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The safest and simplest procedure to use in keeping within the basic limits (a), 
(b) and (c) in Section II.2 is to keep the level of contamination of the air, water or 
food consumed by plant personnel in the controlled area at or below the level 
indicated by the MPC values. These values are given for an exposure period of 
40 hr/week and 168 hr/week. If a person’s work assignments are such that he spends 
only 8 hr each week in the exposure area, the applicable MPC values are five times 
those listed for a 40 hr week in Table 1. However, this requires considerable care to 
determine that he is effectively unexposed during the remainder of his working 
week. If he spends 48 hr each week in the exposure area, the applicable MPC values 
are five-sixths of those listed for a 40 hr work week in Table 1. Similarly, when applied 
to food they generally will require modification to take account of the amount 
ingested. This is further discussed in Section IV.9. 

Although the formula 5(V — 18) permits an average yearly dose to the total 
body and gonads of only 5 rems, the rules of the ICRP permit up to 3 rems during 
any interval (e.g. 1 min, 1 day, 1 week, etc.) provided that not more than 3 rems are 
received in any 13 consecutive weeks. Thus, an older person may receive up to 
12 rems in a single year provided his dose does not exceed the limits prescribed by 
the formula 5(V — 18). Although flexibility is also allowed in principle for internal 
exposures, in practice it is risky and usually impractical to increase the MPC values 
much beyond those determined for operation over an extended period. The permis- 
sible levels do, however, take into account the exposure period (e.g. if the occupational 
exposures last for only 1 hr/week, the MPC values for a 40 hr week may be increased 
by a factor of 40), but if there are concurrent external exposures, the MPC must be 
reduced so that the total dose to any organ does not exceed the maximum permissible 
limits. In specific individual cases where sufficient monitoring is available (i.e. 
external monitoring meters, body fluid analyses, air surveys, etc.) and where no 
exposure has been received for the prior 13 week period, and if the restriction implied 
by the formula 5(.V — 18) is not exceeded, a person may work for 1 hr where the 
concentration in air of an isotope with the total body as the critical organ is 
40 x 13 x 12/5 = 1200 x the (MPC), values for the 40 hr week, but in such a 
case no further exposure shall be permitted in 13 weeks. This practice should be 
discouraged because of delays and inaccuracies in methods of estimating the body 
burden and dose to the organ from such an internally deposited radioactive material. 
However, if such exposures to contaminated air are unavoidable, the dose often may 
be reduced materially if appropriate and properly fitting masks are worn. 


3. Exposure of special groups (category (B). See paragraphs 53-57, ICRP Report.@)) The 
dose to the gonads or blood-forming organs of an individual belonging to either of 
the groups B(a) or B(b) shall not exceed 1.5 rems/year, and the corresponding limit 
for an individual of class B(c) is set at 0.5 rem/year. If no external radiation results 
due to operations within the controlled area, the corresponding MPC values for 
groups B(a) and B(b) are three-tenths of the occupational values for the 40 hr week, 
and for group B(c) are one-tenth of the occupational values for continuous exposure, 
i.e. for the 168 hr week. If external radiation results from operations within the 
controlled area and the dose due to this external radiation is E rems/year, then these 
values are to be reduced by the factor (D—E)/D where D = 1.5 for groups B(a) and 
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B(b) and D = 0.5 for group B(c). The computation of the MPC for a mixture is 
discussed in Section IV.8. 

If the radiation field (external and internal), does not irradiate significantly the 
gonads or the blood-forming organs, the MPC for an individual belonging to group 
B(c) shall be one-tenth the MPC value for continuous occupational exposure. Since 
the exposure of an individual belonging to group B(a) or group B(b) is directly 
related to his work in or near the controlled area, the MPC for such an individual 
shall be one-tenth the MPC for occupational exposure of an individual with the same 
work period per week. Thus, if the working period is 40 hr/week then the MPC for 
individuals of group B(a) and B(b) shall be one-tenth the MPC for the 40 hr week. 


4. Exposure of populations (category (C). See paragraphs 58-68, ICRP Report.@)) 

(a) Genetic and total body dose. The ICRP in its recent report®) suggested limits 
on the average genetic dose to a population. These suggested limits are not considered 
as definitive but are offered for guidance in planning nuclear energy programs. 
Tentatively, allowing 2 rems to age 30 years for average genetic dose from man- 
made radiation (exclusive of medical exposures), 1.5 rems is suggested as a limit for 
internal dose and 0.5 rem as the limit for external dose to the gonads from such 
sources. Since the continuous occupational levels (168 hr/week) permit 5 rems/year X 
30 years = 150 rems in 30 years to the gonads, such a continuous occupational 
MPC must be multiplied by a factor of 0.01 to give an equivalent constant level of 
exposure. The ICRP has suggested that the same dose limit (1.5 rems/30 years) and 
reduction factor (0.01) are to be applied when the total body is the critical organ. 
Except in a few cases, sufficient data for an estimate of gonad dose are lacking. In 
the absence of an MPC value based on the gonads, it is recommended that 0.01 
of the MPC based on total body be used. The extent to which many of these nuclides 
contribute to the gonad dose is under investigation by the Committee. 

(b) Somatic dose. For a radionuclide or mixture of radionuclides which does not 
have the total body or the gonads as critical organ, it is suggested that the average 
permissible level for large populations be one-thirtieth the continuous occupational 
value (168 hr/week) computed according to the basic rules (b) and (c) given in 
Section II.2 above. The Internal Dose Committee of ICRP and of several national 
organizations are studying the problem of the long-term effects of low-level exposure 
to the population at large with respect to somatic damage to the exposed individual, 
genetic damage to his children, ecological damage, etc. 


Ill. MAXIMUM PERMISSIBLE VALUES FOR OCCUPATIONAL EXPOSURE 


1, Assumptions and restrictions applying to maximum permissible exposure values in Table 1. 
The values of g and MPC for an individual will depend upon many factors such as 
his age, physical condition, eating habits and hygienic standards. They will depend 
also upon the physical and chemical properties of the radioactive material and the 
method of intake—by ingestion, by inhalation, through wounds or by absorption 
through the skin. The paucity of data concerning the effect of most of these factors 
does not warrant detailed treatment. To keep the required work and the size of 
this revision within manageable limits, and yet to meet the major needs of scientific 
and industrial users of isotopes, it has been necessary to limit severely the number 
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of factors considered. Therefore, MPC values are listed only for relatively insoluble 
and for the more common soluble compounds, and these compounds are specified 
only by the extent of solubility rather than by specific chemical structure. The only 
methods of intake considered are ingestion and inhalation except in a few cases— 
where submersion presents the greatest hazard criterion. All calculations are based 
on a “standard man” and thus do not provide for individual variations. The standard 
man is specified in Tables 6 through 11 and is a somewhat modified version of the 
standard man defined at the Chalk River Conference‘) (September 1949). This 
standard man is designed to represent a typical or average adult who is exposed 
occupationally. 

Ideally, maximum permissible body burden, g, and maximum permissible 
concentration, MPC, should be based on studies of humans who have been exposed 
to and who have consumed a particular radionuclide under working conditions and 
over an extended period of time approximating those which are typical of the average 
occupational exposure. However, human data are very scarce and only in the case 
of radium does one have an accumulation of human experience for as long as 50 years, 
which is the minimum for selecting values for chronic exposure to man. Studies using 
total and partial body counters have been made recently to determine the uptake, 
distribution, and elimination of trace quantities of some radionuclides in the human 
body. In a few cases, certain radionuclides have been administered to humans 
therapeutically, and in some cases, accidents have occurred in which radionuclides 
have been taken into the body. The data from these cases of human exposure have 
been studied carefully and, where possible, such data are substituted in this report 
for earlier data based on animal experiments. For the majority of radionuclides, 
human data are lacking, and in such cases data from animal experiments must be 
extrapolated to man. Sometimes even animal data are not available and estimates 
are made from comparison with elements having similar chemical behavior. Recent 
studies of trace and minor stable element distribution in the human body ® have 
been particularly helpful in these revisions. It is assumed that the normal stable 
element distribution in the various body organs is typical of the distribution that 
would result from chronic human exposure to radionuclides of these same elements 
and that the chemical form is similar. Likewise, a study of the metabolic balance 
between the trace and minor elements in the food, water, urine and feces of man has 
yielded direct evidence for the MPC of radionuclides of these elements. Because of 
the many assumptions and approximations made in applying much of the data in 
this publication, it is concluded that detailed refinements in the calculations generally 
are unwarranted. 

In Table 1 are the recommended values of maximum permissible total body 
burden, g, and maximum permissible concentration in air, (MPC),, and in water, 
(MPC),,, for about 240 radionuclides. The daily intake of water used in calculating 
(MPC),, includes the water content of food, and thus, consideration of the intake of 
a radionuclide in food is necessary only in case it concentrates in the food during 
processing or enters the food from other sources. In such cases the (MPC) , values 
of Table 1 converted to microcuries per gram are applicable when corrected for 
daily intake, i.e. to take account of the total intake of radionuclides in the complete 
diet. This publication includes values for all the radionuclides listed in the previous 
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publications of NCRP (1953) and of ICRP) (1955) together with others for which 
a need has arisen and for which the necessary biological data are available. With few 
exceptions (e.g. certain daughter radionuclides and isomeric states), radionuclides 
with radioactive half-lives shorter than 1 hr are not considered in Table 1. The 
following are the principal assumptions and conditions which are the bases of the 
calculations. 

(a) In all cases the values are listed both for soluble and for insoluble compounds 
(an exception is the case of some of the inert gases for which values are given only 
for the submersion of a person in the inert gas). The lowest values of (MPC), and 
(MPC),, obtained are in bold-face type both for the soluble and insoluble forms of 
the isotope. The organs on which these values are based are termed the critical 
organs and are printed in bold-face type in Table 1. 

(b) In all cases the values are computed for occupational exposure at the rate 
of 40 hr/week, 50 weeks/year for a continuous work period of 50 years, as well as for 
50 years of continuous exposure, i.e. 168 hr/week. 

(c) In all cases the calculated dose rate which determines the MPC takes into 
account the actual amounts of the radionuclide in the body or critical organ rather 
than an assumed state of equilibrium. The MPC values based on a critical organ are 
set by the requirement that the dose rate (rems/week) after 50 years of occupational 
exposure shall not exceed the values specified in (a), (b) and (c) of Section II.2. 
During a 50 year exposure period, equilibrium is reached for the vast majority of the 
radionuclides because the effective half-life is short compared to this work period 
(i.e. the term e~°-®93/T jn equations (7) and (8) is approximately zero for t = 50 x 
365 days). Exceptions to this rule are listed in Table 2. Column 5 of Table 2 gives 
the effective half-life, and column 6 gives the percentage of equilibrium the body 
burden attains over a period of occupational exposure lasting 50 years. Most of 
these exceptions are in the 5 f type rare earth group of elements which are assigned 
a biological half-life of 200 years. The extreme case is represented by ten of these 
radionuclides which reach only 16 per cent of equilibrium in the body in 50 years of 
occupational exposure. 

(d) In the case of a radionuclide which decays to form radioactive daughters, 
the calculation assumes that only the parent radionuclide enters the body, but the 
estimated dose rate includes all the energy released by the daughter elements formed 
in the body. There are two exceptional cases, Rn?*° and Rn??*, where a state of 
equilibrium typical of that attained in ordinary air is assumed. These cases are 
discussed further below. In all other cases, it is assumed that only the parent element 
enters the body. Because the various daughter elements generally have different 
effective half-lives, the percentage of equilibrium attained is generally not the same 
for all elements of a chain. Also, the effective energies, i.e. the weighted energy 
absorbed per disintegration, are not the same for different members of the chain, so 
that the dose rate after 50 years exposure will generally not be the same percentage 
of the dose rate resulting from an equilibrium body burden as the figure shown in 
Table 2. Thus, for radionuclides which decay to form radioactive daughters these 
percentages give only a rough indication of the percentage of equilibrium dose rate 
attained at the end of 50 years. 

(e) The assumptions and formulas are presented in terms of a compartment 
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model, i.e. each organ is assigned a biological half-life, and the radionuclide that 
accumulates in the organ is considered to be eliminated at a constant rate. In 
general, this is a drastic oversimplification of the situation since the organ retention 
usually requires several exponentials, or perhaps a power function, for its 
mathematical representation. Unfortunately, the biological information available 
generally does not yield detailed information on organ retention, particularly for the 
conditions and periods of exposure of interest here. In selecting MPC and body 
burden values, the Committee has considered both multiple exponential and power 
function models for retention when such information is available, and the values 
finally selected are in some cases chosen between those calculated by these models. 
In view of the large measure of uncertainty in many of these cases, and in the interest 
of uniformity and economy of presentation the biological data in the Tables are 
given in terms of a single compartment model for each organ considered, with a 
biological half-life for each. The values of these are selected to produce in 50 years 
of constant level exposure the retention indicated by the more detailed model, and 
thus may not represent accurately the situation for short-term exposure. A discussion 
of the power function model and a table of the necessary parameters for its use are 
given in the Appendix. 

(f) If occupational exposure continues beyond 50 years, the dose rate will continue 
to rise in the case of the radionuclides listed in Table 2 because they are not in a state 
of equilibrium under the assumed conditions, but for the radionuclides not listed in 
Table 2 the maximum permissible dose rate would not be exceeded. However, since 
the period of occupational exposure probably will not greatly exceed 50 years, and 
since the maximum permissible body burden, ¢, would be reached only after 50 years 
of occupational exposure at the MPC values given in Table 1, the average dose 
rate over the working life of the individual will be well below the maximum 
permissible dose rate, even for the isotopes in Table 2. While noteworthy, this 
observation does not alter the fact that the terminal dose rates would be in violation 
of the criteria adopted in (a), (b) and (c) of Section II.2, although the integrated dose 
undoubtedly would be considerably less than that permitted for many radionuclides 
not listed in Table 2. In the previous publications,“ *) the calculations were based 
on a 70-year exposure. Although this change to an exposure period of 50 years has 
had very little effect on the MPC values (i.e. a maximum increase of 27 per cent in 
the MPC values for some of the radionuclides in Table 2), it is believed that this 
change should be made in the calculations because, for most workers in atomic 
installations, the working period extends from age 18 to age 65 or less. 

(g) The average breathing rate is 10’ cm® per 8 hr work day; this is one-half the 
air breathed in 24 hr. 

(h) The average rate of water consumption is 1100 cm® per 8 hr work day; this is 
one-half the water consumed in 24 hr. 

(i) The dose from inert gases with radiation of sufficient energy to penetrate the 
minimal epidermal layer (7 mg/cm?) results from external exposure to the surround- 
ing cloud of radioactive gas rather than from the amount of gas in the body. 

(j) In general, chemical toxicity is not considered in estimating the body burden 
or MPC values. However, in the case of uranium, the chemical toxicity has been 
considered and is the limiting criterion for the longer-lived nuclides of uranium. 
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2. Units of toni zing radiation used in Table 1. In Table 1 the units are the microcurie 
(uc) and microcurie per cubic centimeter (yzc/cm*) for maximum permissible 
quantities of the various radionuclides in the total body, g, and for the maximum 
permissible concentrations, (MPC), and (MPC),,, in air and in water, respectively. 
One curie is a quantity of a radioactive nuclide in which the number of disintegrations 
per second is 3.700 x 101°; the microcurie then, is one-millionth of this amount. In 
accordance with long established usage, however, the curie of natural uranium is 
considered to correspond to 3.7 < 101° dis./sec from U?%8, 3.7 x 10% dis./sec from 
U254, and 1.7 x 108 dis./sec from U?*°, Also, the curie of natural thorium is considered 
to correspond to 3.7 x 101° dis./sec from Th?8? and 3.7 x 101° dis./sec from Th?*8. 
The rem is the unit of RBE dose of ionizing radiation in tissue. When a dose is 
expressed in rems it is superfluous to call it RBE dose. Therefore the unqualified 
term “‘dose”’ alone is used in such cases. The rem corresponds to the dose in tissue 
which results in biological damage equivalent to that produced per rad of X- 
radiation (of about 200 kV) having a linear energy transfer, LET, to water of 
3.5 keV/p, i.e., rem = RBE x rad. The rad corresponds to an energy absorption of 
ionizing radiation of 100 ergs/g in any medium. In this case the energy absorption 
is in tissue. The relative biological effectiveness, RBE, in this report is taken as one 
for B-, y- and X-radiation, and conversion electrons (for low energy f-emitters, 
i.e. E, < 0.03 MeV, the RBE = 1.7), 10 for a-particles, and 20 for recoil atoms. The 
reader is referred to the Handbook by the International Commission on Radiological 
Units for detailed information on units.¢ 


3. Critical body organ. The values of body burden, g, in column 3 of Table 1 are 


based on that amount of the radionuclide which is deposited in the total body and 
produces the maximum permissible RBE dose rate to the body organ listed in 
column 2. The concentration values in water (columns 4 and 6) and in air (columns 5 
and 7) are in turn based on the intake by the standard man who accumulates this 
body burden as a consequence of occupational exposure for a period of 50 years. In 
most cases, significantly different values of body burden result when effects on 
different organs are considered. The critical organ is considered to be that organ of 
the body whose damage by the radiation results in the greatest damage to the body. 
It is readily apparent that many factors must be considered in determining which 
affected organ will cause the body to suffer the greatest damage. Criteria of prime 
importance are: (a) the organ that accumulates the greatest concentration of the 
radioactive material; (b) the essentialness or indispensability of the organ to the 
well-being of the entire body; (c) the organ damaged by the route of entry of the 
radionuclide into the body; and (d) the radio-sensitivity of the organ, e.g. the organ 
damaged by the lowest dose. Theoretically all of these considerations are taken into 
account through the use of the RBE factors and the basic standards (a), (b) and (c) 
of Section I1.2, but it is apparent that the information they represent does not embody 
much detail on most of the above criteria. Actually, except for a few radionuclides, 
case (a) above is the determining factor in choosing the critical body organ. For this 
revision, each radionuclide was studied individually. For some radionuclides as many 
as twelve reasonable choices of a critical organ were made with the corresponding 
permissible body burden and concentration values calculated for each organ. These 
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are listed in Table 1 with the critical organ (or organs in the case of identical MPC 
values) and minimal MPC values in bold-face type. For each isotope the MPC values 
are listed first for soluble materials and then for insoluble materials. The values for 
soluble materials are ranked according to magnitude of (MPC),, so that the first 
line in this group designates the critical organ determined solely on the basis of 
(MPC),,. The values for insoluble materials are ranked according to the magnitude of 
(MPC), The rankings based on (MPC), and on (MPC),, ray differ in some cases, so 
the smallest MPC in each group is in bold-face type to indicate it as a maximum 
permissible occupational exposure level for plant operation under the stated con- 
ditions. The MPC values for other additional organs (termed organs of reference in 
Table 1) are given primarily as an aid in estimating MPC values for mixtures of 
radionuclides, and thus, are not permissible levels for the single radionuclide unless 
in bold-face type. 

The total body is listed as an organ of reference for all nuclides except a few of the 
inert gases. ‘These values are included primarily as an aid in computing MPC values 
for mixtures, and as a check on the oversimplified model used. As mentioned in 
(e) on p. 8, this one compartment model is selected to represent the long-term 
retention in the critical organ and may not represent adequately the situation in 
other organs. For example, radium and strontium are long-term bone-seekers, but 
during the first day or two following ingestion appreciable amounts are present in 
the plasma and soft tissues. This amount is negligible so far as the 50 year accumula- 
tion in the bone is concerned, but a check is necessary to determine that the whole 
body limit is not exceeded by the amount present in the plasma and soft tissues. 
When present in a mixture, perhaps with other isotopes that concentrate primarily 
in the soft tissues, the dose delivered by this component of the total retention should 
not be neglected. The MPC based on total body also supplies a ready means of 
estimating the integrated dose, i.e. the dose to the body as a whole. While the basic 
rules do not directly limit the integrated dose except in the case of whole body 
irradiation, it is of considerable interest. Because the total body limit for constant 
level exposure is based on 5 rems/year (0.1 rem/week), the total body is sometimes 
the critical organ. Because the GI tract often receives a greater absorbed dose than 
any other body organ, and is frequently the critical organ for exposure to mixed 
fission products, it is with few exceptions included as an organ of reference for the 
radionuclides in Table 1. 


IV. CALCULATION OF MAXIMUM PERMISSIBLE EXPOSURE VALUES 


1. Basis for estimating maximum permissible exposure values. As indicated in the above 
discussion of the basic standards for maximum permissible internal exposure, two 
somewhat different criteria commonly are used in determining maximum permissible 
exposure values: (a) for bone-seeking radionuclides such as Sr®°, Pu?%®, ete., which 
emit significant amounts of particulate radiation, the estimate is based on a coin- 
parison with Ra??6 and daughter products; and (b) for all other radionuclides, ihe 
MPC and body burden values are set to limit the weekly RBE dose received by tie 
various organs of the body*, e.g. 0.1 rem/week to the gonads and total body, 0.6 rem/ 
week to the skin and thyroid, and 0.3 rem/week to all other soft tissues. Thus, for a 


* In the case of long-lived radionuclides of uranium, the toxic effects set the limiting body burden. 
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bone-seeker, such as Sr®, which emits only y- or X-rays, the calculation must be 
based on 0.3 rem/week since the adjacent soft tissues are also irradiated to approxi- 
mately the same extent as bone. The first method is the result of a calculation designed 
to determine, (i) the amount (uc) deposited in the bone that will deliver the same 
effective RBE dose as delivered by 0.1 uc of Ra?** and its daughter products and 
(ii) the amount (uc) deposited in the bone that will result in damage comparable to 
that observed from known deposits of Ra?** in the bone. In some cases, this first 
method rests on rather extensive clinical experience or studies of biological damage, 
either with the particular radionuclide, or with another radionuclide having similar 
chemical properties and similar metabolic behavior in the body. The method based 
on RBE dose rate is used generally when bone is not the critical organ or when 
direct experience is not available. The biological evidence supporting the limits on 
RBE dose to the various organs of the body is less direct than clinical observation 
or studies of biological damage, but is consistent with general experience involving 
radiation from both external and internal sources. 


2. Body burden based on comparison with radium. In the case of a- and f-emitting 
radionuclides that localize in the bone, the maximum permissible body burden, 
q, is determined from a direct comparison with Ra?**, In 1941 an advisory 
committee“) to the National Bureau of Standards first established the maximum 
permissible body burden for radium at 0.1 wg (~ 0.1 pc). Man has had years of 
experience with radium, which is the basis of reference in choosing the maximum 
permissible body burden of similar radionuclides that are deposited in the bone. The 
radium dial painters, patients treated medically with radium and persons using 
public water supplies relatively rich in radium() have furnished the best source of 
continuous human exposure from which to observe the effects of an internally 
deposited radionuclide. From autoradiographic studies“) of human autopsy 
material, radium is known to be unevenly distributed in the bone, but other bone- 
seeking radionuclides may be even less uniformly distributed.“*) From animal 
experiments® it is known that some bone-seeking radionuclides produce greater 
damage to the bone than Ra?** for the same RBE dose. This greater damage is 
attributed to several factors, some of which are (a) non-uniform distribution, 
(b) greater radiosensitivity of the portion of bone in which the isotope is deposited, 
and (c) greater essentialness of the damaged tissue. Therefore a relative damage 
factor, n, is introduced into the MPC calculation to make some allowance both for 
the greater relative effectiveness of some radionuclides as well as for the fact that many 
have a more heterogeneous distribution in bone than radium. The relative damage 
factor, n, in the formula for effective energy, 2E;F; (RBE) ,n; is taken as one provided 
(a) the parent element of the chain considered is an isotope of radium, or (b) if the 
energy component considered originates as X- or y-radiation. The relative damage 
factor is taken as 5 in all other cases, i.e. if the parent element of the chain is not an 
isotope of radium and if the energy component considered originates as a-, B--, 
B*-, e-- radiation or from a recoil atom. Thus, the first two elements in the Th?”8 
chain are Th?*8 =” Ra®*4 “=” and the value of is 5 for the energies of both these 
a-particles. In the chain Ra?*8 8 Ac??8 4y Th??8 sy Ra??4 =” the same two a-energies 
are weighted with n = 1. The y-energy is always weighted with n = 1. 
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When the necessary data are available, the maximum permissible body burden, gq, 
of a radionuclide may be determined by a comparative study of the clinical findings 
and biological damage produced by various quantities of Ra?** and the radionuclide 
under study. Studies of chronic exposure(!?)—a few of which have been started— 
should furnish the most direct and reliable values of g. Until these studies have been 
completed, it will be necessary to continue to determine values of g by a direct 
comparison of the energy deposited in bone by the particular radionuclide with the 
energy deposited by 0.1 uc of Ra?*6 and its daughter products (with an RBE of 10), 
modified by the factor, n. In this case, the value of g is given by the equation 


Raf Ra Ra 0.1 (0.99 110 11 
q o= ¥ i b 3 bbs = ( — ) Ke SS oe (1) 
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in which 
g®* = 0.1 wc is the maximum permissible body burden of Ra??6; 
J = fraction of radionuclide in the skeleton of that in the total body; 
J.** = 0.99 is the value of f, for radium; 
é = effective absorbed energy per disintegration of a radionuclide = 
ZEF(RBE)n; e®* = 110 is the value of ¢ for radium; 
E = energy (MeV) deposited in skeleton per disintegration; 
RBE = relative biological effectiveness = 1 for X, y, B-, B*, e-, (it is set equal to 
1.7 if the maximum energy, £,, < 0.03 MeV for 8-, 8+ or e-), 10 for 
a and 20 for recoil atoms; 
F = ratio of disintegrations of daughter to disintegrations of parent. See 
Section V.1. 

It is assumed that 99 per cent of the radium in the body is in the skeleton, and the 
total energy deposited in the skeleton per disintegration of Ra?** plus 30 per cent of 
its daughter products(!® !% is 11 MeV, and thus the effective energy deposited in 
the skeleton is SEF(RBE)n = 110*. For other radionuclides which are localized in 
the bone, the effective absorbed energy is found from 2EF(RBE)n. 

Thus, 0.1 uc of Ra?** and its daughter products in the body corresponds to an 
average absorbed dose rate to the bone of 0.06 rad/week or an average dose rate 
to the bone of 0.56 rem/week. As indicated above, the factor, n, was set equal to 
1 in arriving at these dose rates for Ra?**, The distribution of radium in bone is not 
uniform,“ and, for example, if there are portions of the bone in which radium is 
concentrated, the dose rate in these areas might be many times the average values. 
These values of RBE dose rate are based on the assumption that (RBE), = 10. 
Many experiments(®®) indicate that (RBE), is much smaller than 10 for biological 
damage resulting from acute exposure—perhaps as small as 1.4—but for biological 
damage from chronic exposures much higher applicable values have been reported. (2 
Therefore, until more data from chronic exposures are available it would be unwise 
to use a value of (RBE), < 10. Occupational and medical experience with radium 
offers much more justification for accepting the 0.1 uc of Ra?** and for the RBE dose 

* This value was given as 162 MeV in the 1955 ICRP report ?) but is changed to 110 MeV in this 1958 
edition. The reduction to 110 MeV is the result of using the more recent data of Norris(§) which indicate a 
bone retention of 30 per cent of the daughter products of Ra®26, The earlier data of Evans (!*) which assumed 


55 per cent retention of the daughter products of Ra?26 had been used to obtain the 162 MeV. Details of 
calculation of this effective absorbed energy are given in Section V.1. 
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it delivers to the bone as a basic reference for permissible occupational exposure 
than any arbitrarily chosen dose rate to individual organs. At this time, it would be 
difficult to say which is more harmful to man, (a) the dose rate to the total body of 
0.1 rem/week, or (b) the dose rate to the bone resulting from a body burden of 
0.1 wc of Ra?®**, Certainly, if a major portion of the hematopoietic system were 
irradiated, e.g. concurrently from the spleen-seeking Po*!® and from the bone- 
seeking Ra?**, the biological damage would be greater than if only a part of it were 
irradiated. It has been shown®) that in some cases a synergistic effect results when 
several organs of the body are irradiated simultaneously. Thus, it is rather certain 
that 0.1 rem/week to the bone is less harmful than 0.1 rem/week to the total body 
but, at present, sufficient quantitative data are lacking to indicate whether or not an 
average dose rate of 0.56 rem/week (involving, perhaps, a much higher local dose rate) 
to the bone produces greater or less damage than 0.1 rem/week to the entire body. 
The development of bone tumors many years after exposure (from 10 to 35 years) 
has been the principal hazard to patients given large medical doses of radium and 
to the radium dial painters. Although tumors have not been observed in persons 
with body burdens of radium as low as 0.1 yc, the factor of safety may not be as 
large as 10 because tumors have occurred in persons having a body burden less than 
luc of radium at the time the tumor was first detected. However, in all these cases 
the original body burden had been greater than it was when the tumor was first 
detected. Furthermore, in most cases the integrated absorbed dose received by the 
radium dial painters had been much enhanced because a large amount of 
mesothorium (Ra??8) was in the ingested material. There is an additional factor of 
safety in the MPC values for the long-lived radionuclides in Table 1 in that the 
maximum permissible body burden is reached only after an extended exposure at 
the MPC level (see Section III.1). For the radionuclides (Table 2) with a long 
effective half-life, e.g. Ra?**, Th29°, Th?32, Np?87, Pu23®, Am*43, Cm, etc., the 
maximum permissible body burden is not reached until after 50 years of continuous 
occupational exposure. Several workers(**) have described changes in skeletal 
density and/or histopathological changes in the bone of patients who have 0.1 ye or 
less of radium, and more pathological changes may be expected as these individuals 
become older. This problem will be kept constantly under advisement, and as more 
data are accumulated on the chronic effects of radium and other bone-seeking radio- 
nuclides, it may be desirable at a later date to lower the basic reference of 0.1 uc of 
Ra?*®, However, at the present time, this change does not seem to be warranted for 
reasons as follows: (a) radium does not irradiate the entire hematopoietic system; 
(b) body burdens of 0.1 uc of Ra®** probably produce detectable changes in the bone 
but are not known to have caused serious damage (demonstrable harm to the 
individual) ; (c) the principal recognizable damage from Ra?*6 is the production of 
bone tumors, but the lowest body burden that has resulted in a tumor is 0.5 pc;(*% 
(d) all radium-produced tumors have occurred in persons whose original body 
burdens had been much greater than at the time the tumors were discovered; 
(e) most bone tumors arising in radium dial painters may be attributed to Ra?** +- 
Ra?*s in which the integrated RBE dose was much greater than would be indicated 
by the Ra?** burden at the time the tumors were discovered; and (f) the maximum 
permissible body burden of a bone-seeking radionuclide corresponding to 0.1 pc 
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of Ra?*6 is not reached except following continuous occupational exposure at the 
MPC values. For the more dangerous bone-seeking radionuclides, this requires 
continuous occupational exposure for 50 years at the MPC level. 


3. Body burden based on a permissible RBE dose rate to the critical body organ. Because 
specific experimental information is lacking for assessing values of safe body burdens 
of the radionuclides that are not localized in the bone, the MPC and g values were 
calculated on the premise that a maximum permissible body burden is that amount 
distributed throughout the body that will result in a maximum permissible RBE 
dose rate to the critical organ. The maximum RBE dose rates permitted to the various 
body organs are listed in Section II.2. It should be emphasized that these maximum 
permissible RBE dose rates are values averaged during a quarter. Variations of these 
rates over shorter intervals may be expected and are permissible. As explained in 
Section II, the average dose rate of 0.1 rem/week and corresponding MPC values for 
occupational exposure of the gonads or total body may be increased over a 13 week 
period by a factor as large as 2.4, provided the dose at any age V does not exceed that 
given by the formula 5(— 18) and provided adequate monitoring is used to insure 
that the dose in a 13 week period does not exceed 3 rems. 

In the following discussion, the distribution of the isotope in the body is 
characterized by the following parameters: 

Ff, = the fraction of ingested radionuclides reaching the blood; 

, = the fraction of the nuclide in the blood that reaches the organ of reference; 
= f, f’, see Section V.3; 
= the fraction of inhaled radionuclide reaching the organ of reference, see 
Section V.3; 

fe = the fraction of the body burden in the organ of reference, see Section V.3. 

The equation for maximum permissible body burden, g, based on a maximum 
permissible dose rate R rem/week is 


100 mR 


7 we a ()—6 5 105 fre (2) 
3.7 x 10% x 1.6 x 10-® x 6.05 x 10° fee 


= 2.8 x 10-3mR 
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and when R = 0.3 rem/week 


— 8.4 x 10-4m 
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where 3.700 x 10* = dis/sec per yc; 
1.6 x 10-* = ergs/MeV; 
6.05 x 105 = sec/week; 
100 = ergs/g per rad; 
m = mass of the organ of reference (g); 
and ¢ is defined as for equation (1). 
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4. Concentrations in air and water—based on exponential model—critical organs other than 
gastrointestinal (GI) tract. Maximum permissible concentrations in air and in water 
in Table 1 were calculated for most of the radionuclides on the assumption that the 
radioactive material is taken into the critical body organ at the rate of P wc/day and 
that the biological elimination from the critical organ follows a simple exponential 
law. This relationship is expressed by the equation; 


The solution with gf, = 0 when t = 0 is 


afy = P(L— e™))A 


in which gf, = burden of the radionuclide in the critical body organ (yc); 


J = fraction of radionuclide in critical organ of that in total body; 

A = effective decay constant = 0.693/T; 

T = effective half-life (7,7,)/(7, + T,) (days); 

T, = radioactive half-life (days) ; 

T, = biological half-life (days) ; 

¢ = period of exposure; for occupational exposure ¢ = 50 years (in the 
previous publications of NCRP@) and ICRP) ¢ was set to equal 
70 years) ; 

P = rate of uptake of the radionuclide by the critical body organ 
(uc/day) = (M)S, where M is the concentration (uc/cm*) of the 
radionuclide in water or in air taken into the body, and S$ is the 
product of the average rate of intake (cm%/day) of water or of air 
and the fraction of the microcuries arriving in the critical body 
organ. For occupational exposure at the maximum permissible 
concentration (MPC) of the radionuclide in water, M = (MPC), 
and in air, M = (MPC),. In a 24 hr day, the standard man (see 
Section V.2 for a discussion of the standard man) consumes 2200 cm? 
of water and breathes 2 x 10’ cm of air. Because of his greater 
activity during an 8 hr work day, it is assumed that half of this body 
intake occurs during the work period, viz. 1100 cm® of water and 
10’ cm? of air. The work schedule for the standard man is 8 hr/day, 
5 days/week and 50 weeks/year. Therefore for the average occupa- 
tional exposure, S = 1100 x 5/7 x 50/52f,, = 750 f, cm?* of 
water per day and $ = 10’ x 5/7 x 50/52f, = 6.9 x 10°/, cm? 
of air per day. 


The formulas that follow in this section are all based on a 40 hr/week exposure 
period whenever specific time data are involved. For continuous occupational 
exposure the MPC values should be divided by 2 x 365/(5 x 50) = 2.92 except 
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for submersion where they should be divided by 3 x 365/(5 x 50) = 4.38. Subs- 
tituting the above values for P and A in equation (6) the MPC values are determined 
by 


10-7 
(MPC). = pyar voem® 7) 


9.2 x 10-49 fs 
yf (1 a e — 0-693 WT) 


(MPC), = pc/cm$ 


T = effective half-life (days) ; 

t = period of exposure (days). 

If the radionuclide disintegrates into one or more daughter radionuclides, proper 
account must be taken of the contribution to the RBE dose by the daughter radio- 
nuclides that are produced in the body. Formulas (7) and (8) may be modified so 
that they remain correct for a chain of parent—daughter radionuclides. This can be 
done by simply augmenting the effective energy of the parent by the effective energy 
of each daughter weighted by the frequency of the daughter disintegrations per 
disintegration of parent. This ratio defines the factor F,, i.e. 


pate of ith daughter in the organ 


‘ue of parent in the organ 


Thus in the case‘*) of a single intake, if P uc of the parent radionuclide reaches the 
critical organ at time ¢ = 0, the organ burden (q /,); of the ith daughter product at 
time ¢ is given by the equation 


(9fe)o = Pes! 


e-Aot 


(a f2)$ — P ri I; pata A, 


-t. 


e-At e-rit erat 


ehit=? ln — yaaa t GaSe) t RSE 


The general formula is 


In this formula [ar % denotes the product Aj xX Ax ... X M. 
j=l 
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If it is understood that when 7 = 0 the empty product | a | is equal to 1, this 
j=l 

general formula (9) is applicable to the total body burden of the parent as well as 
the daughter radionuclides. In the following discussion, the subscript, 0, as in 44, = 
0.693/ 77, etc., always refers to the parent isotope while the subscript 7 indicates the 
decay constants of the ith daughter. 

When there is continuous intake of the parent radionuclide so that P uc/day of the 
parent radionuclide reaches the critical organ, the organ burden (q /,); of the 7th 
daughter product at time ¢ is given by the equation: 


(qfe)o = P(1 — e~*o')/Ao 
f(1—e-%') (1 —e-#) 


‘afo)\,=Px 2 donmiotig 
Jo) ; | Ao(Ax — ) i Ax(Ag Ay) 


(afele = PXX| ————-——_-.. + eens t - — ——__. 
side= * 85 a) GW) * ead dd) * —-k) 


[ = (1— e~o*) (1— er’) (1—e~2") 


The general formula is 


: i ‘és l—e-*! 
fat =| (fas dt = P i s| $ (10) 
j-1’ |/50 a, IT (2, — A) 
p=—0 
bFh 


It is to be noted that equation (10) includes equation (6) as a special case if it is 
understood that when 7 = 0 the empty product is replaced by 1. The dose rate in 
rems/week to the critical body organ resulting from the continuous body intake and 
deposition of the parent radionuclide and from the growth of the daughter radio- 
nuclides in the critical body organ is given by the equation: 


fy 3.7 X 104 X 24 x 3600 x 7 x 1.6 x 10-* E, (RBE),n, 
R => (fs); —" 100 m : i (RBE) rems/week (11) 


i=0 


in which m is the mass of the critical organ, and E; (RBE),n; is the effective energy 
corresponding to one disintegration of an ith daughter atom. The factor P is taken as 
6.9 x 10° x (MPC), /, for inhalation and as 750 (MPC),/f, for ingestion, and 
since the factor P occurs in each of the (qf,) terms in equation (11), and since 


(q.fe)o = P(1 — e-*0')/Ag 


4.1x10-19mR 4.1x10-!°mR 
(MPC),= -—> pce/cm$ = oe pc/cm® 


Sa > (9f2); B; (RBE),n,/P Sa(1—e~“o') > E,F(RBE)n, (12) 


1=0 
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—6 —-6 
(MPC) =, 3.7 X 10-§ mR aliasile sd 3.7 X - mR poe 


Se Z (9 fe) ;E;,(RBE) n,/P FSu(1—e-*) > EF (RBE) 2; (13) 


with Fy = 1 and F, = (q/2);/(¢fe)9- In equations (12) and (13) R is the permissible 
dose rate to the organ in rems/week. Thus if particulate radiation is involved R=0.56 
when bone is the critical organ and R = 0.3 for all other organs except thyroid and 
skin, in which cases R = 0.6 or for total body and gonads where R = 0.1. The 
weighted sum of chain energies ZE,F, (RBE),n; and the fractions F; are listed in 
Table 5(a). In all organs other than bone 2; is taken as 1. Equations (12) and (13) 
are based on the 40 hr week. The corresponding formulas for the 168 hr week, 
i.e. continuous exposure, are obtained by replacing the constants 4.1 x 10-1!° and 
3.7 < 10-® by 1.4 x 10-18 and 1.3 x 10~®, respectively. 


5. Concentrations in air and waier based on RBE dose delivered to various segments of the 
GI tract. When the critical organ considered is the gastrointestinal (GI) tract, the 
amount (uc) of the 7th daughter present at time ¢ is given by formulas similar to 
equation (9), but since the material moves along the intestines at somewhat different 
rates, formula (11) also needs adjustment. If 7 is the total time spent in a section of 
the GI tract, e.g. the upper large intestine, then during a time interval dr the fraction 
of the total contents which moves by a given site is, on the average, dz/7. The mass 
of this material is thus dr/rt < m, where m is the total mass of the contents of the 
section being considered. The energy is, to a first approximation, absorbed in this 
mass. Thus if there is continuous intake of P wc/day, then the dose rate in rems/week 
to the walls of the GI tract near the site is given by 


Be hs 3. 4x 24 x 3600 x 7 x 1.6 x 10-%e.d en 
R= ¥ (ef), = 5 eee Beit, 3 rems/week (14) 
i= 24> m T/T 


i=0 


In the case of an isotope with no daughters, the value of (MPC), is 


8.2% 10-19mR 
(MPC), = ——~—__——_ pe/em® 


and the value of (MPC) ,, is 
7.4 x 10-*mR 


ee 
TEge—“o 


(MPC), = pc/cm? 
If the radionuclide considered is the parent of a chain of k daughters, the 
corresponding formula for (MPC), is 
8.2 x 10-19mR 
(MPC), = — ws pc/cm? 
fe > (ghd: 
io ——p —_ & 
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and the value of (MPC) ,, is 
74 x 10-*mR 


k 


(MPC), = pc/cm3 (16’) 


(q fe) 


total 
2/i 
P 


i 


The values of the biological constants used for the different sections of the GI tract 
are listed in Table 11. Since daughter elements also enter the small intestine and 
the large intestine, each subdaughter is the parent for a subchain and (gq /,){ must be 
computed by equation (9) for all such subchains and the results added to give the 
amount of 7th daughter in the organ. This will be denoted by (qf), °. A factor of 
} has been included in formulas (14) through (19’) to take account of the fact that 
the dose to the intestinal wall is, on the average, only half the dose to the contents of 
the GI tract. In equations (15’) and (16’) (qf); represents the amount of the 
ith isotope (uc) (equation (9)), and the formulas were computed in this form. Thus 
the factors F; are not needed and since the relative damage factor n, = 1 for the 
GI tract, the effective energy reduces to ¢, = LE (RBE) which is tabulated in 
Tables 5 and 5(a). Experiments) have shown that a-particles fail to penetrate 
the mucosa to an appreciable extent. ‘Therefore, the Committee has decided to include 
only 1 per cent of the energy of the a-particles in computing the effective energies, 
Se,, for the GI tract. In calculating (q /,) ;*°“' it is assumed that there is no absorption 
of the material from the large intestine, and thus A? = 0 and A; = » in these sections 
of the tract. The same is assumed for the stomach. In the small intestine a fraction f, 
is absorbed and a value of A? is chosen so that absorption at this constant rate during 
the time of passage amounts to a total absorption of a fraction /, of the material. 
Equations (15) and (16) are applied when the critical portion of the GI tract is the 
small intestine, SI, upper large intestine, ULI, or the lower large intestine, LLI. 
Since the upper large intestine and the lower large intestine have the same diameter, 
the effective energy is the same for these two sections. This common value is listed 
in Tables 5 and 5(a) as the value for the large intestine, LI. The calculations for the 
stomach, S, are somewhat different since it is assumed that the ingested material 
remains in the stomach for 1 hr. ‘Thus, the dose to the stomach is given by 


"0 (fe) § X 3.7 X 104 x 24 x 3600 x 7 x 1.6 x 10-* 6, dr 


x 100 m rems/week (17) 


In the case of an isotope with no daughters the value of (MPC), is 


2.5 x 10-1 m Ag 


i Fa & (1 — e-%0/?4) 


(MPC), pe/cm$ 
and the value of (MPC) ,, in this case is 


2.2 x 10-®mA, 
(MPC) » = & (1—e-*0/24) 


pc/cm$ 
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If the radionuclide considered is the parent of a chain of k daughters and the stomach 
is the critical tissue, the corresponding formula for (MPC), is 


(MPC), = = pc) (18’) 


MI), < —— 


The notation in formulas (18) through (19’) is chosen in agreement with the notation 
of formula (10) on which these are based. However, as explained above, no absorp- 
tion occurs in the stomach so that A? = 0 and thus A, in formulas (18) through (19’) 
is equal to 2%, i.e. A; = A, + A? = A, + VU = X. For some isotopes the dose rate to the 
intestinal wall passes through a maximum value during the time of passage through 
the GI tract, and thus it is necessary to determine this maximum and equate it to 
0.3 rem/week in determining the maximum permissible intake. The use of the single 
intake formulas for (qf){ and (qf); in equations (14) through (19’) instead of 
continuous intake formulas for the organ burden as in equations (10) through (13) 
follows from the fact that by our assumption of continuous movement at a uniform 
rate through each section of the tract the isotope never accumulates in the GI tract, 
and thus the dose at a position reached at time ¢ after ingestion of material is entirely 
independent of what material was ingested before time ¢ = 0 or following time ¢ = 0. 
This is, of course, an oversimplification since there is some irradiation of one portion 
of the GI tract by any y-radiation in the body and, perhaps, by some f-rays emitted 
in other portions of the tract. To a large extent this is taken into account in computing 
the effective energies, ¢,, which are calculated for each section of the tract as a whole 
and not merely for a very small portion of the tract. 


6. Maximum permissible concentration of radionuclides of noble gases and other relatively 
inert gases. In dealing with inert gases, such as A*! and Xe?*, the calculations are not 
based on the dose delivered by the concentration of the radioactive material inside 
the body, but rather on the dose the person would receive if he were surrounded by 
a semispherica! infinite cloud of radioactive gas. In this case, one would expect the 
radiation from the radioactive cloud to deliver a much higher dose than that from 
the gas held in the lungs or other body organs. It follows that the body is assumed 
to be irradiated from half the solid angle by this radioactive cloud of large volume. 
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The maximum permissible concentration of an inert gas under these conditions 
is, 


,  0.024R 
(MPC); = T(E) Pa P,|P, wc/em? 20) 
When the maximum permissible dose rate R is 0.1 rem/week, 
2.6 x 10-6 
(MPC); = = ra yc/cm? 21) 
-\ 


in which p, = density of air (= 0.0012 g/cm*) ; 


P,/P, = stopping power of air relative to tissue; P,/P, = 1/1.13 for 8 and 
secondary electrons produced by X- and y-radiation; 
2 (E) = effective energy per disintegration (MeV); in this case RBE = 1 and 
g = ]: 
(MPC), = maximum permissible concentration (uc/cm*) in a large cloud of 
gas that will deliver a dose at the rate of 0.1 rem/week.* 


Equation (21) is applied only in the case of large clouds of noble gases or other 
relatively inert gases that emit y or high energy f-radiation (E,, > 0.1 MeV). This 
equation is applicable to occupational exposure (i.e. 40 hr/week) and for the case 
where a person is surrounded by an infinite semispherical cloud of radioactive 
material that emits y-, X- or 8-radiation of sufficient energy to constitute essentially 
a total body exposure and necessitate limiting the dose rate to 0.1 rem/week. 

The above formula was not used for noble gases that are principally a-emitters, 
e.g. Rn??? and Rn**°, or for other relatively inert gases that emit low energy 
(< 0.1 MeV) f-radiation, e.g. H’, because the radiation would not penetrate the 
protective epidermal layer of skin surrounding the body. In the case of such low 
energy radiation formula (20) still applies but with R = 0.6 rem/week. Such cases 
are listed in Table 1 with ‘‘submersion skin”’ as the organ of reference. Experiments 
have shown that when HTO vapor is present in air approximately equal amounts 
enter the body by inhalation and absorption through the skin. Thus the value 
computed by equation (7) must be halved in this case. 

In 1941 the United States Advisory Committee on X-ray and Radium 
Protection”) set 10-8 wc/cm® as the value of (MPC), for occupational exposure 
(40/hr week) to Rn??? plus its daughter products. However, the ICRP) gave an 
(MPC), value of 10-7 yc/cm® for continuous exposure (168 hr/week). Despite the 
wide disparity of these values and the long record of experience with radon, there are 
few, if any, well-established cases of serious damage from exposures at these levels. 
Nevertheless, calculations indicate that an air concentration of 10-7 wc/cm® might 
lead to an excessively large dose to the bronchi, and the NCRP“®) previously had 
recommended the value of 10-§ yc/cm* as (MPC), for Rn??? plus daughters 
(168 hr/week). 

* In the previous publication of this report,‘?) the exposure rate was taken as 0.3 rem/week rather than 
0.1 rem/week, and the radioactive cloud was assumed to comprise an infinite sphere rather than an infinite 
semisphere about the body. Also, the equations were given for continuous exposure rather than for the typical 


week of work. Therefore, previously published MPC values have been increased by three factors, viz. 1/3 » 
2 x 4.4 = 2.9. The new assumptions are thought to be sufficiently conservative in all practical cases. 
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Recent studies®@®) have indicated that when radon and its daughters are present 
in ordinary air the free ions of RaA constitute only about 10 per cent of the total 
number of RaA atoms that would be present at equilibrium and these unattached 
atoms deliver all but a small fraction of the dose to the bronchi. Based on these 
measured dose rates the (MPC), for exposure to radon and daughter products is 
found to be 3 x 10~-*/(1 + 1000 /) where /is the fraction of the equilibrium amount 
of RaA ions which are unattached to nuclei. 

For Rn?*° the major portion of the dose to the bronchi is due to free ions of ThB 
which reach only 1/2000 of the equilibrium number in ordinary unfiltered air. 
Because of this and energy considerations the (MPC), value will be higher and is 
recommended as 6 x 10~-®/(1 + 40000//) if the free ions of ThB constitute a fraction 
f of the equilibrium number of such atoms. The values given here for radon and 
daughters and for thoron and daughters are for the 40 hr week. 


7. Maximum permissible concentration of unidentified radionuclides (MPCU). The identity 
of the radioactive contaminants in air, water and food must be established before 
appropriate MPC values can be applied either for occupational exposure or for 
exposure to population outside of controlled areas. In many cases there is no question 
regarding the identity of a radionuclide because the operation involves only one 
radionuclide. Sometimes, however, preliminary surveys reveal the presence of 
radioactive contamination, and considerable uncertainty exists as to which radio- 
nuclides are the major contributors. When a laboratory is using a number of radio- 
nuclides, e.g. mixed fission products, an air sample may furnish only a few clues as 
to the identity of the radionuclide. By using the simplest of equipment and techniques, 
the level of air contamination may be established in a matter of minutes, but hours 
or even days may be required to conduct the radiochemical analyses necessary to 
identify the one or more radionuclides that are present in the air. Fortunately, in 
such cases it usually is not necessary to go through a tedious, time consuming and 
expensive radiochemical analysis. If it is determined that certain of the more 
dangerous radionuclides are not present, i.e. the concentration of the more dangerous 
is small compared with the MPC values in Table 1, the operation may be continued 
safely regardless of the radionuclide or mixture of radionuclides, provided the 
concentration does not exceed the values for MPC of unidentified (MPCU) radio- 
nuclides as listed in Table 3 for water or in Table 4 for air. These MPCU values are 
applicable to continuous occupational exposure (168 hr/week), and should be 
multiplied by one-tenth if they are to be applied as interim values outside of and in 
the neighborhood of the controlled exposure area. It should be pointed out that the 
use of MPCU values may save an immense amount of effort and expense if they are 
applied properly to avoid unnecessary radionuclide analyses in areas where the air, 
water and food contamination is usually less than the appropriate MPCU values. 
On the other hand, they can impose a needless penalty if improperly applied. For 
example, if initial measurements indicate a negligible amount of Ra?** and Ra?*8 in 
the drinking water of a small community near an atomic energy laboratory, and if it 
is determined by daily gross «-, B- and y-sample counting that the activity does not 
exceed the MPCU value (5, « 1 x 10-®yc/cm* = 1 x 10-7 wc/cm®) it would seem 
foolish to carry out a daily radiochemical analysis of this water. If, on the other hand, 
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the level ranged between 10-5 and 2 x 10-° yc/cm, it would be unwise to shut 
down the plant or to instigate an expensive modification of the operation without 
first identifying the radionuclides, for it might be that the contamination in the 
water is from Na*4 and P*?. In this case, the appropriate MPC value for application 
in the neighborhood of the plant is x 2 x 10-? = 2 x 10-*and, x 2 x 10-* = 
2 x 10-5, respectively (see Table 1). 


8. Maximum permissible concentration of known mixtures of radionuclides. Suppose a 
person is exposed to concentrations pay, Pags +++ Pwsr Pop + - » HC/cm® of isotopes 
A, B, . . . in air and in water, respectively, and also to external sources of y and 
neutron radiations. Assume further that the external sources give doses R*, R* to a 
given organ x for y and neutron radiation, respectively. If L* rem is the average 
weekly dose permitted to organ x by the basic rules, then the total dose to organ x is 


a, a a, eee _Pwa SS | x4 RR (22 
(MPC):, * (MPC), * °° *(MPC):, *(MPCE, 7° | TTR A) 


This does not exceed L* provided 


x 


Pag x, es = a. 2 RY 
“(MPC):, * (MPC, **** * (MPC), (MPC, TET 


“H <1 (23 
n<1 (23) 


and thus provides a criterion for assessing whether or not the exposure is in excess of 
that permitted by the basic rules. If organ x is not listed as an organ of reference 
in Table 1, and if an independent estimate of the corresponding MPC values is not 
available, the MPC based on total body may be used with the correction factor 
L*/0.1, ice. L*(MPC)7-*-/0.1 may be substituted for (MPC)? in such cases. In general 
it will be necessary to calculate the dose for all the organs for which the dose may 
reasonably be considered to be in excess of the prescribed limits. Often this may 
include the total body even though no one of the radionuclides irradiates a major 
portion of the body. Assuming that a major portion of the body is being 
irradiated at somewhat comparable rates, the calculation is essentially as before 
except that the MPC values based on total body are to be used. Thus the criterion is 


PaA Pas PwA 
—— = —w, =f 
aB 


(MPC)72-" (MPC) (MPC) TP. 


T.B. 
Ry 


Pry i 
TR +...+ zs 


es < 
(MPC) se *ar SS 


In effect this limits the average dose rate over the body to 0.1 rem/week. There may 
be some organs in which the dose rate exceeds 0.1 rem/week, but this is considered 
permissible so long as such organs do not constitute a major portion of the body. Of 
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course, the criteria for these organs must also be considered, and the application of 
equation (23) will prevent any particular organ from exceeding the permissible limit 
set for that organ. However, it would seem too conservative and contrary to the intent 
of the basic rules to limit the dose to any portion of the body to a maximum rate of 
0.1 rem/week merely because the entire body is receiving some dose, though it may 
be very small in most of the body and only be at the rate of 0.1 rem/week in a small 
portion. The values of (MPC) 7: as given in Table 1 and as applied in equation (24) 
were derived on the assumption that the total body dose of interest in this case is 
the gram-rem dose or the total weighted energy delivered to the total body. On this 
basis the total body burden was obtained from equation (3) by setting m equal to 
the mass of the total body (m = 70,000 g), f, = 1, ¢ equal to the weighted absorbed 
energy, nm = 1 and R = 0.1 rem/week. 

The application of these criteria may be illustrated by the following example: 
Suppose the mixture consists of Sr®°, Pu?8® and Na*4, and that an external y-source 
is also present, and that the measured intensities are those indicated in Table A. 


Table A. Calculation of MPC of a mixture of radionuclides 


Example of Concurrent Exposure to Several Radionuclides (in Soluble Form) Present in 
Air and Water and to an External Source of Radiation 


Source of | Body organ | 
In water* 


exposure exposed In air* 


1.8 x 107-1! pc/cm? | Pw i 1.5 x 107-7 pwe/cm? 


3x 10-1 we/em® | (MPO)Z, 4X 10-* yc/cm3 


8x 1071! wc/cm? re 1.5 10-7 pc/cm? 


9x 107-1!° peo/cm$ +) eg 1x 10-5 pwc/cm?* 


4) <10 13 Cc ‘cm? } QM —5 lem3 
Pu239 . — 2 ———— 5 2 Me = 13x10" = 
2x 10 —12 wc/cm? a {x 10-4 yc/em$ 


+> x 10713 we/em3 PwB 1.3 10-5 we/cem? 


1x 10-4 pcjem® | (MPC)Z 1x 10-8 pc/em? 


| 
| 
| 
2x 10-7 yc/cm? cm | Pee 2x 10-3 yc/cm? 


2X i 6 pe/cm?3 (MPC) 22 B. 1x 10-2 pc/cem$ 


0.065 rem/week 


0.56 rem/week 


0.065 rem/week 


0.1 rem/week 


* The ratios given for Sr®°, Pu%3® and Na*4 are the (yc/cm® present in air)/(MPC)%, where(MPC)?, is 
the (MPC), for element A (Sr®°) and organ x (bone), etc. 
+ The ratio given for y is the (actual RBE dose rate)/(maximum permissible RBE dose rate). 
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The concentrations have been chosen to illustrate the case of a mixture which is 
below the permissible limit for one of the criteria (bone), but is barely in excess of 
the limit determined by another of the criteria (total body). 


Criterion (23) applied to bone gives 


PaA on PwA i PaB L PwB nf 
‘MPC):, " (MPC)*, (MPC):, " (MPC):, 


Ril ne ee ee 
0.56 | (MPC)7® “(MPC)7® |" Ts 


0.1 ; 0.065 
= 0.06 +- 0.038 + 0.2 + 0.13 + — (0.1 +0.2) + — =(0.60 < 1. 
0.56 ° : 0.56 


Thus the average dose rate to the bone is about 0.60 x 0.56 = 0.34 effective 
rem/week and is therefore within the limits set for bone. 
Criterion (24) for total body gives 


PaA ‘a PwA . Pos : L _ PwB - ue 
(MPC)7* (MPC)T® ~ (MPC)7* (MPC)? 
Pac : | Pwo Ae = a 
(MPC)T- * (MPC)TB * [T8. ~ 


0.02 + 0.015 + 0.04 + 0.013 + 0.1 + 0.2 + 0.65 = 1.038 


and thus the calculation indicates that the mixture is slightly, though not significantly, 
in excess of the permissible limit for total body. 

If the y-source is removed, the dose rate to the bone becomes 0.48 x 0.56 = 
0.27 rem/week while the dose rate to the total body is 0.39 x 0.1 = 0.039 rem/ 
week. These dose rates are 48 per cent and 39 per cent of the corresponding limits, 
and thus the bone is now the critical organ. In this situation any or all of the con- 
centrations could be increased by as much as a factor of 2 without exceeding the 
permissible limits. 


9. Modifications required for other applications. The MPC values listed in Table 1 are 
intended primarily for occupational exposure and for the indicated types of exposure. 
Nevertheless, they are frequently used for a variety of other purposes. In most cases 
the conditions of exposure will not strictly conform to the conditions assumed for 
the calculation of these values. Thus great care and judgment should be used to 
insure that the departure from the conditions of occupational exposure assumed here 
are not so great as to completely invalidate the use of these values; some of the more 
common discrepancies that may often lead to large inaccuracies are mentioned. 

A 50 year exposure period is assumed here and the exposure level is assumed to be 
constant. Thus a transient situation, e.g. fallout shortly after a nuclear detonation or a 
major reactor accident where the level of activity is rapidly decreasing, and even the 
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relative abundance of the different radionuclides may be changing, presents a 
hazard widely different from the constant level 50 year occupational exposure which 
is assumed. The measure of discrepancy is here so large that to attempt to correct 
for it amounts to a new calculation. 

The (MPC),, values listed here may be applied to foods, but to use the (MPC),, for 
the 168 hr week without correction amounts to assuming that 2200 g of the 
individual’s food, i.e. substantially all his food, is contaminated at this level and 
that this situation will persist for 50 years, or until equilibrium is reached in the body. 
Obviously, a correction factor to take account of the intake is needed, but to naively 
use the ratio of 2200 g to the gram intake of a particular food, e.g. butter, per day as 
correction factor amounts to assuming no other foods or beverages are contaminated. 
Again, the total situation must be considered and great judgment must be used in 
making such corrections. 

Frequently the MPC values are used to obtain estimates of dose from large single 
intakes of a radionuclide. In many cases this is warranted, but there may well be 
many cases where the distribution in the body following an acute exposure to the 
nuclide is markedly different from the distribution pattern reached following chronic, 
low-level exposure. For example, many nuclides concentrate in bone with a long 
biological half-life which leads to a large bone burden of the nuclide after many years 
of exposure. Then the bone is the critical organ, although the fraction of the daily 
intake reaching the bone may be much smaller than that passing through the GI 
tract. For an acute single dose the GI tract may be the critical organ. 

Many other factors may have a large effect in determining the proper value for a 
maximum permissible limit. The relative abundance or scarcity in the diet of other 
nuclides with similar chemical properties, the wide range of physiological differences 
as well as differences in habits, age and sex, and the chemical form of the radionuclide 
or the size of the particle to which it is attached, may account for large changes in the 
value of the MPC in some cases. Many of these factors as well as others are being 
carefully studied at the present time, and we may expect that our knowledge of their 
influence on the permissible levels will be more precise. In the present state of our 
knowledge, the modification or adaption of the values listed here for application to 
other situations than those specified by the exposure categories of the basic rules 
requires the careful consideration and mature judgment of competent experts in this 


field. 


Vv. FACTORS NEEDED FOR CALCULATION OF MPC EQUATIONS 


1. Effective energy. The effective energy term used in the formulas for calculating 
the values listed in Table 1 takes various forms as needed for the particular problem, 
i.e. LE(RBE), SE(RBE)n, SEF(RBE)n, and sometimes simply YE. In these equations 
E is the total energy absorbed in the body organ per disintegration of the 
radionuclide. In these cases, all of the energy absorbed in the tissue in the process of 
radioactive decay (i.e. X, y, a, B-, B+, e~ and atomic recoils) was included in the 
effective energy term with exception of the neutrino energy which is assumed to 
escape from the body. For §-radiation it was assumed that all the energy of each £ is 
dissipated in the critical body organ. Except for very small organs this is justified 
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since it is generally the maximum dose that is of interest. Various methods have been 
developed for determining the distribution of B-ray energies and for finding the 
effective energy, but all are tedious and time consuming and a relatively simple 
empirical equation that gives results that are in most cases accurate within about 
5 per cent was found. (?”) 
For £~-radiation the equation is 
E = 0.33 E fi <) (1 ma 7) 
— Ve m 50, 4 > 

in which 


& = atomic number of the radionuclide emitting the f-ray; 


J = fraction of the disintegrations of the type considered; 
E,, = maximum energy (MeV) of the type considered. 


For £*-radiation the equation is, 


4 
E = 0.33 Ef (1 + ==) + 2f (0.51) (1 — e-™) 


(26 
i ) 


\ 


where 


x = effective radius (cm) of the body organ containing the radionuclide (values 
are given in Table 8); 
total coefficient of absorption minus Compton scattering coefficient in 
cm~' for the given photon energy; 
2(0.51) arises from the energy of two 0.51 MeV gammas resulting from the 
annihilation process. 
For other types of radiation, the following equations were used: 


For y-radiation E = Ef (1 — ¢™) 
For a-radiation E = Ef 
with £,, as the energy of the photon or a-particle. 


For internal conversion, e~ 


where 


a, == internal conversion coefficient for the € shell, etc. ; 
» = binding energy of the daughter element; 
E, = y-energy (MeV) of type considered. 


Y 


For K and L capture X-radiation, the simplification is made that 
E = fy(1 — e-*) 
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For atomic recoils following a-emission 


(energy of a-particle) (mass of a-particle) 


mass of recoiling daughter nucleus a 


E=f 


RBE = relative biological effectiveness of the radiation; RBE is taken as 1 for 
B--, B*-, y- and X-radiation and conversion electrons (it is set equal to 
1.7 if the maximum energy E,, < 0.03 MeV for B-, B+ or e-), 10 for 
a-particles, and 20 for recoil atoms; 

n = relative damage factor for radionuclides deposited in the bone. The 
relative damage factor, n, is defined in basic rule (b) and, a detailed 
discussion of its use, with examples, is given in Section IV.2; 

F, = the ratio at time ¢ of the number of disintegrations per unit time of 
daughter atoms to the number of disintegrations per unit time of parent 
atoms in the critical organ. It is a factor that can be multiplied by 
the energy of the zth daughter so that it may be added to the energy of 
the other daughters and of the parent in order to obtain the weighted 
energy of a chain of radionuclides which is equivalent to that absorbed in 
the critical body organ by a single radionuclide. For the ith daughter, 


(32) 


in which 
Ay = total decay coefficient of the parent (= 0.693/7)); the subscript, zero, 
refers to the parent isotope; 
, = total decay coefficient of the ith daughter; 
total half-life of the 7th daughter; 
radioactive half-life of the 7th daughter; 
occupational exposure time (50 years). 


In order to explain the meaning of the notation in the previous equations, 
equation (32) is expanded. For the parent Fy = 1, for the first daughter 


; ee, oe eee F 


1 — e—Aot 


py & 2S c 2 ip ae a oS. i (33) 


and for the second daughter, 


F T, T./T: HT (1 — eo‘) T? (1 —e-) T? 
2 


ee + 
L—e | (To — 71) (To — Tz) = (T1 — To) (41 — T:) 
(1 — es!) yf 
(JT — To) (T2 — 7) 
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etc., for all daughters of the chain. The appearance of these factors in the MPC 
equations is discussed in Section 1V.4. In the case of radium isotopes which are 
daughters of a thorium isotope, recent experimental work has indicated that the 
radium daughter behaves as though it is absorbed into the blood. In these cases the 
factor f, for radium was included in the formula for Fj, F,, etc. 

The effective energy can be found by simply summing the component terms of 
S EF(RBE)n, 


x EF(RBE)n = &; F; | (RBE), fi Ei + (RBE), fj Ej nj + (RBE), fi Ei ni + 
(35) 
(RBE) » fi, Emi, + (RBE), fi Ei ni + (RBE), fj E, + (RBE),f; Ej ni 


where the subscripts j, k, s, m, v, p and r refer to y, negatron, positron, a, internal 
conversion, electron capture, and a-recoil, respectively. The RBE of these radiations 
is specified above. 

Effective energies(*§) used for making the permissible exposure calculations of 
Table 1 are given in Tables 5 and 5(a). In Table 5(a) all the daughter nuclides are 
listed individually following the parent nuclide. The detailed listing is necessary here 
because the formulas for the GI tract require individual energies for each daughter 
nuclide. Also, the F; factors necessitate separate listings for the entire chain, so that 
with the complete data as given, values for MPC and body burden for any mixture of 
parent and daughter radionuclides can be calculated easily. 


2. Standard man data. In order that all MPC values be calculated on a common 
biological basis the so-called “‘standard man” or ‘‘average man” was defined.(?% 3° 
The first committee values were stipulated at the Chalk River Conference, but later 
modified at the Sixth International Congress of Radiology,@” the Harriman Con- 
ference on Permissible Dose,(@?) and the Seventh International Congress of 
Radiology.*) The values for the GI tract*# (Table 11) and the chemical composi- 
tion of the individual organs (Table 7) are further additions to the standard man. 
In Table 12 a few references have been listed, but it must be emphasized that these 
are only a few of those which were consulted. For a detailed study the reader should 
consult the references cited in Bibliography for Biological Data* and the references 
listed below. @>-39) 


3. Other biological and related physical terms. Other relevant biological and related 
physical terms that were used in the preparation of Table 1 appear in Table 12. 
For each element and radionuclide, the many distribution fractions, the concentration 
in the critical organs, the biological half-lives, etc., were gleaned from a voluminous 
amount of experimental data: data which, though great in mass, yielded in many 
cases a sparse amount of information concerning the specific quantities needed. 
Ideally, to establish satisfactory MPC values for occupational exposure, data are 
needed of lifetime exposure of humans to each of the radionuclides. However, not 
only are such data almost non-existent for man (see Section III for detailed 


* Health Physics, Vol. 2, No. 3, 1959. 
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discussion) but they are extremely scarce for animals. As stated earlier, many of the 
biological factors used for the continuous exposure calculations of Table 1 were not 
obtained directly from continuous exposure animal data but of necessity were taken 
from single exposure data. Exploratory experiments@® have indicated that extra- 
polation from single dose studies to the situation corresponding to continuous 
exposure is fairly satisfactory, if the single exposure data of retention in the critical 
body organ yield a curve having a long straight portion when plotted as a function 
of time on semilogarithmic paper. In general, the radionuclide does not seem to be 
uniformly bound in an organ and the retention curve is represented as a sum of 
exponentials. The component of longest half-life is generally the most significant for 
the long-term exposure case, and this is obtained by extrapolating back to time t = 0 
the straight portion mentioned above. It sometimes happens that no data—not even 
data from single exposure of animals—are available for an element. When this is the 
case, it may be possible to obtain some of the desired information by assuming the 
existence of an equilibrium condition between the stable isotopes of the element in 
the critical body organ and in the food, water and air taken into the body from the 
environment, ® i.e. set the amount ingested and deposited in the critical organ 
per day equal to the amount eliminated from it per day. For other cases where 
experimental data are not found, direct comparisons sometimes are made with 
elements that are chemically similar. Many equations and approximations—some 
of which are listed in this section—were used to check and cross-check the values 
given in these tables. 


(a) J = average daily ingestion of an element (g/day). 

(b) f, = fraction of the radionuclide passing from GI tract to blood. 

(c) C = average concentration of the element in the critical organ (grams of 
element per gram of wet tissue). 

(d) f = fraction of the radionuclide passing from blood to critical body organ; 
in some cases this is chosen to represent only the component of longest 
biological half-life as mentioned above. 

(e) fe = fraction of the radionuclide in the critical organ of that in total body. 
This fraction is required in the calculation of the maximum permissible 
body burden, g. The fraction /, is unusually difficult to find from limited 
experimental data, so it is fortunate that f, is not required for the calcula- 
tion of MPC values. Various methods employing more easily measured 
fractions are often utilized for arriving at f,; they are enumerated as 
follows: 

(i) Under conditions of continuous exposure where equilibrium has been 
reached 


Seek, Sem 2 (36) 
TPT +--+. 4g 


in which the superscripts x, _y, Z, etc., refer to different body organs, 
e.g. g* = wc in organ x, g’ = wc in organ 9, etc., and g = uc in total 
body. 
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(ii) In cases where f,, and 7 can be found from single exposure data, 
Jf can be determined by 


K igo 
sig : 37 
i- FRPP RPT. (97) 


Sometimes when a long time has elapsed since the radionuclide was 
administered as a single exposure the biological half-lives for the 
various organs become approximately equal. In such cases 


“e Je 
a SS Ey - 


(iii) For intravenous single exposure data equation (38) can be used by 


setting ft= f, fi, f2 =f,f? etc. Then, 


te 
Si + Sit hie + ++. 


fi= (39) 


Equations (38) and (39) also apply in all cases where 7, < T, for 
organs x, y, Z, etc. 
(iv) For single exposure data 


a: rp = 
- TA ft) Tk +R+fEt-.-) 
T* Ms 
PU +F74+Se.- - -) 


(40) 


in which the superscript, ¢, refers to total body and f* = fraction of 
that ingested that goes rapidly to the urine. Where data are not 
available for f*, the following approximations may be used; 


> PSs 
nO ™ 
If; 
> Tp (42) 


(v) In the case of stable isotopes or radionuclides, where T, > T,, 


m* C* 
* SS a—'—X—,— 
Ei _—s m! Ct 
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Equations (37), (41) and (42) can be modified for this case so that 


Tift 
= : 43 
Ti ART + Te jas 


Te x 
rer (44) 
Th ft 


TS (45) 
Tift . 
‘f) f, = fraction of that taken into the body by inhalation that arrives in the 
critical organ. For soluble material 


fa = (0.25 + 0.5f1) fs (46) 


When the fraction /3, is unknown, it is replaced by /,. It is sometimes 
convenient to write f, in the form f, = (0.5 + 0.25/f,)f.. MPC values 
are given in Table 1 for inhalation of insoluble and slightly soluble 
materials and in these cases a portion of the GI tract or the lung is 
usually the critical organ. Unless data are available for the inhalation of 
specific radioactive, insoluble dust particles, it is assumed in the case of the 
lungs that f, = 0.12. Some of the inhaled radioactive material is 
swallowed, so that it irradiates the GI tract. In the case in which a por- 
tion of the GI tract is the critical tissue, the value of f, is given by the 
equation, /, = 0.62 for insoluble material and f, = 0.5 for soluble. 

- fraction of that taken into the body by ingestion that is retained in the 
critical organ. For ingestion of soluble compounds 


Se =S\its (47) 


J is sometimes used instead of f; if no better information is available. For 
ingestion of insoluble compounds a portion of the GI tract is the critical 
tissue. 

biological half-life or the time required for half of the element or radio- 
nuclide to be eliminated by biological processes. When 7, cannot be 
found from experimental data for a particular radionuclide, the assump- 
tion is made that the radionuclide has the same biological elimination 
time as the stable element. Assuming the existence of an equilibrium 
condition between the stable element in the food and water and the 
stable element in the critical body organ, the grams eliminated per day 
may be set equal to the grams deposited per day. It follows then that 
for a stable element 


__ 0.693 m C 


. 
The (48) 
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In the above equation /,, may be replaced by /, if inhalation rather than 
ingestion is responsible for the deposition of the stable element in the 
body. For insoluble material in the lungs, 7, is taken as 120 days for 
all radionuclides except plutonium and thorium, in which case 7, = 
1 year and 7, = 4 years, respectively, were used. 

(i) 7, = radioactive half-life. 

(j) 7 = effective half-life. Because by definition the total decay coefficient is 
equal to the sum of the biological and physical decay coefficients, 
Le. A=A +A, 


| es 
Tie gett 49) 
4+, ( 


For a radionuclide equation (48) becomes 


T= 0.693 m C 50) 
= fe (90) 
in which C = grams of radionuclide per gram of organ. If 7, > 7,, 

C for the stable element is approximately equal to C for the radioelement. 

As explained previously, single exposure data can be used satisfactorily to find 


biological constants for chronic exposure if the retention data plotted on a semi- 
logarithmic graph as a function of time of exposure yield a curve with a long straight 
portion following the initial rapid elimination. If the data are not corrected for 
radioactive decay, the effective half-life in such cases is related to the ordinate 6 of 
the curve, taken at the beginning of the straight portion and ordinate c taken at 
some later time by the expression 


__ 0.693 1 


= —— (51) 
In b/c one 
in which ¢ = time interval between b and c 
In any two organs x and », 
Bi m* C* ali 
fi mO (52) 
and, 
P fips 


As indicated earlier, the critical body organ is that organ receiving the radionuclide 
that results in the greatest body damage. However, in most cases it is the body 
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organ that accumulates the greatest concentration of the radionuclide. Having 
selected the critical body organ, it is useful to make a check to determine whether 
or not this organ has an above average concentration. lf the concentration in organ x 
is greater than the average concentration in the rest of the body 


ma ir 
(70,000 — m) f; ~' i 


APPENDIX 

Concentrations in air and in water based on a power function model. Although the formulas 
used to calculate the maximum permissible concentrations assume that the biological 
elimination follows a simple exponential function, i.e. the fraction of organ burden 
eliminated per day is constant, cognizance is taken of the fact that many data‘) 
support the view that the fraction of the body burden excreted per day varies 
inversely with the time and could best be represented by a power function. Following 
a single injection of certain bone-seeking radionuclides, the body burden has been 
expressed by 


R(t) = At (55) 


where R(t) = fractional retention ¢ days after injection; 
A = normalized fraction of injected dose retained at end of unit time; 
n = a constant. 


Ingested or inhaled material may not be retained to the same degree, therefore a 
factor, /;, should be included to designate the fraction of ingested radionuclide 
which reaches the blood stream. If the radionuclide is long-lived so that radioactive 
decay can be neglected, then the body burden after an amount, a, has been ingested 
per day for T days is given by 


(56) 


This equation assumes n is not close to 1. Otherwise the integration should extend 
from 1 day to T days and the contribution of the first day added. In terms of the 
previous notation a = P/f,, = 750 M = 750 (MPC),, for ingestion or a = P/f, = 
6.9 « 10° (MPC), for inhalation, and 7 is the period of occupational exposure 
which is set at 50 years for the values recorded in Table 1. 

If the radioactive half-life of the radionuclide is of the same order as 7, it may 
be taken into account also. If the body burden following a single intravenous injection, 
R(t), is a power function, the fraction eliminated per day is given by 


- (57) 
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which represents only the biological elimination of the radionuclide because experi- 
ments determining the best values for A and n are generally of short duration as 
compared to the radioactive half-life of the radionuclides here considered (Sr, Ra, 
Pu and U); thus, including radioactive decay 


dR/dt = — - R(t) — ¥R(t) 58) 


where 2’ is the radioactive decay constant of the radionuclide in days. 
The integral of this equation with R(1) = A readily is found to be 


R(t) = At*e-Ave-) ¢t>1 59) 
Hence, if the radionuclide is undergoing appreciable radioactive decay while it is 


being eliminated from the body according to a power function, the body burden 
under the same conditions as before is given by 


T T 
q=a Af, (TF — 2) *e-"C~-Da « A flu "e-A'@-)) du wc 60) 
0 0 
or 
a v\ q / ¢ +01 
(MPC), = ——_—_———_-+ pc/em$ 61) 
6.9 x 108 A fi u-" e- AD) du 
0 
and 
(MPC), = - nig n reece pe/em> 62) 
750 a il e-A’@-)) du 
0 


This integral may be evaluated with the help of a table of the incomplete 
y-function., @) 

In case the radionuclide has daughters which must be taken into account, the 
power function estimate of elimination still may be applied. In principle, the daughter 
elements might be eliminated at rates quite different from those of the parent, 
i.e. the constant n may be different for different elements of the chain. In such 
cases the value of n would vary from element to element in the chain. The formulas 
for this case would be similar to those given above. 

For example, in the case of Ra®** it seems desirable to consider the elements of a 
chain. Because all these elements are held very tenaciously in the body, the daughter 
elements with radioactive half-lives of a few hours or days may be considered to 
decay immediately and thus only the case of a chain of two radionuclides is discussed. 
Also the same value of n is assumed for each of these radionuclides. 
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Letting R(t) and R,(t) denote the body burden (yc) of the parent and the daughter 
radionuclide, respectively, at time ¢ days following injection of 1 yc of the parent, 
the differential equations governing the changes with time are: 


n : P 
; R,(t) — % R(t) (63) 


= ‘ eae. i a 
ae 3 Ry(t) — % Rit) + A Role 64) 


The solution which gives an amount 4 for the parent and 0 for the daughters at 
t = | is given by, 


Ro(t) = Ate (t-) 


Except for the presence of the factor At these equations are identical with the 
expanded form of equation (9). This solution is valid only ifn 1 < but this is true in 
all the practical cases considered here. The choice of the solution where R,(1) = A 
and R,(1) = 0 neglects the formation of the daughter radionuclides during the first 
day. Because it is only applied here to radionuclides of rather long radioactive half- 
life, and because the power function does not represent adequately the behavior of 
the radionuclide for short periods of time after injection, this neglect seems justified. 

If an amount, a pc, enters the blood per day during a period of 7 days, the body 
burden of the 7th isotope at the end of T days is given by 


a| RT — t) dt (67) 


Oo 


and this leads to an incomplete y-function which may be evaluated as before. 
From these estimates of body burden, the (MPC), and (MPC), can be estimated by 
the method used in deriving equations (61) and (62). 

At present the use of a power function is possible in only a few cases. There is 
some indication that it does not represent precisely the true situation since the 
exponent 2 has been found to vary with time.) However, for the radionuclides 
with long physical half-lives, the power function does seem to represent adequately 
the available long-term data. Unfortunately, its metabolic significance remains 
unexplained, and it does not seem desirable to extrapolate an empirical formula 
far beyond the range where it has been verified experimentally. For comparison, 
MPC values have been computed both according to the exponential model and the 
power law for the radionuclides of Sr, Ra, Pu and U which have an effective half- 
life exceeding 20 days. In these cases, the Committee has considered the MPC 
values obtained both by the power function as well as by the exponential method in 
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selecting the values listed in Table 1. The values of the constants considered and 
the MPC values obtained in the case of the more important isotopes of these four 
elements are listed in Table B. These values were selected by a Subcommittee on 
the Power Function.* 


Table B. MPC values as calculated by the power function model 


(168 hr/week) 

Radionuclides and (MPC), | (MPC), Critical 

retention constants | (uwc/em) (uc/cm?* organ 
Strontium | 

A = 0.65,n = 0.35 | 

Sr*6 | 6x10-> | 5x 107 Bone 

Sr89 | 4x 10-4 4x 10-8 Bone 

Sr? | 8x 10-6 7 x 10-1° Bone 
Strontium 

A 0.95, n = 0.25 

Sr® 3 x 10-% 2x Bone 

Sr’? 2 x 10-4 zx wee Bone 

Sr*° |. &x 3e-* ox I0-* Bone 
Radium 

A 0.54, n 0.52 

Ra?*6 1 10-6 1 x 19-79 Bone 

Ra?*8 2 10-6 l 10-1° Bone 
Uranium | 

A = 0.72,.n = 0.80 

U23s 8 x 10-4 4x 10-" Kidney 

U-nat $x Hh | 4x3" Kidney 
Plutonium 

A = 0.99, n 0.01 

Pu2* 5 x lo 6 x 10718 Bone 

Pu28* 4x 10-5 5 x 10-18 Bone 

Pu*° 4x 10-5 5 x 10-33 Bone 

Pu**! 2 x 10-3 3 x 107?! Bone 

Pu*2 5 10-6 6 x 10-* Bone 


In the cases considered, the power function method seems to yield a higher estimate 
of the MPC values than does the exponential method. Since, in principle, the 
retention data can be fitted with a multiple exponential curve, this undoubtedly is 
in large part due to conservatism in assigning a long biological half-life and a rather 
large value to the fraction of material in the blood that has the long half-life, i.e. to 
Js. While the MPC values listed in the accompanying table were considered by the 

* The data in Table B were developed and agreed upon by a special subcommittee which was organized to 


evaluate the application of the power function in obtaining MPC values. The members were: W. H. LANGHAM. 
Chairman, E. C. ANpErson, P. Harris, [. W. Heaty, W. P. Norris and W. S. SNYDER. 
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Committee in making their final decision, they are not to be considered as 
recommended values. They are listed to indicate that the Committee has considered 
carefully this method of estimation and to stimulate research concerning the inter- 
pretation and validity of this model. The presentation of the biological data in 
Table 12 on the basis of the exponential model is in large part dictated by the desire 
to give a unified and economical presentation of the material. 
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Radiological Conference. 
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Joint Meeting of ICRP/ICRU (re: Medical Exposures) 31 October to 7 November, 1956, New 

York. 
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Meeting of ICRP. (Held in New York, 3 to 12 March, 1958. 


. See references Ma—2 and Th-—18. 


See references Ber-4, Hy—6, Ln—12, Mn—11, Mn—13, No-7, No-9 and Sny-1. 
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Table 1. Maximum permissible body burdens and maximum permissible concentrations of 
radionuclides in air and in water for occupational exposure 


| 
Maximum | Maximum permissible concentrations 
Organ of permissible ——— —- —-- —--——- ——--— 
Radionuclide reference* burden For 40 hr week For 168 hr week 
and type (critical organ in total —————— ———__—— 
of decay bold face) body | (MPC),, MPC), MPC), 
: | (pc/cm? puc/cm? pc/cm?® puc/cm? 


,H*(HTO or H3O y ti 0.1 5 x 10° 0.03 x 10-* 
[(sol. x 0.2 8 x 10-8 0.05 7x 


submersion i 2 x 10-3 < 10-4 


sol. GI (LLD y —5 
Total body 600 x 10-° 
Kidney 800 ¢ 8 x 10-6 
Liver S00 10-6 
Bone 2X oe 2. wee 
Spleen < 108 10-5 


insol. Lung 
GI (LLD 
eC?*(CO,) .) Fat 
B Total body 
Bone 


submersion Total body 


Pi sol. GI (SD 
B Bone and 
teeth : Be - 9 0.06 
Total body x 5 0.09 


insol.) | GI (ULD 


Lung 
Total body 
GI (LLI) 


insol.. Lung 
GI (LLD 


GI (SD 
Total body 


insol.. GI (LLD 


Lung 


* The abbreviations GI, S, SI, ULI and LLI refer to gastrointestinal tract, stomach, small intestine, upper 
large intestine, and lower large intestine, respectively. 
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Radionuclide 
and type 
of decay 


(insol. 


(insol. 


insol. 


(insol. 


(insol. 


(submersion 


(submersion 


Testis 90 


c | 
Maximum | 


Maximum permissible concentrations 


Organ of | permissible} 
reference | burden | 
(critical organ | in total |+— 
bold face) § body | (MPC),, 
q(uc) (uc/cm?) 


For 40 hr week 


(MPC), 
(uc/cm?) 


For 168 hr week 


(MPC) y 
(uc/cm*) 


(MPC), 
(uc/cm®) 


0.03 
{ 10 0.1 

Adrenal 30 0.3 

Total body 30 |COO8 

Testis 40 0.4 

Ovary 60 0.6 

Skin 

GI (ULD 

Lung 

Bone 

Total body 

GI (LLI) 

Liver 

Brain 


Lung 
GI (LLD ‘ 


x 10 3 
Total body 400 | 7x 10-8 
Bone 800 =|) 0.02 
Skin 3x 108 | 0.07 
GI (LLI) | 02 


Lung 
GI (LLD 


Total body 
GI (LLI) 


Lung 
GI (LLD 


GI(S) 


| Total body 


x 10°° 


10-5 
10-5 
10-5 
10-5 


¢ 10-5 


10-4 
x 10° | 3 x 107 
4 x 10-6 
x 10-* | 2 x 10° 
< 10-4 | 10-7 
< 10-4 | 2 x 10-7 


10-8 | 4 x 
5 x 10-3 | 8 x 10-7 
0.02 | 3 x 10-6 
0.05 | 10-5 


9 x 10°° 
x 10° | 5 x 107’ 


x 10% 10° 
0.01 3 > 


4x 10° | 9x 10° 
0.1 i2x ie 


4x 10° 
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Radionuclide 


and type 
of decay 


(sol. ) 


(insol. 


(sol. 


(insol. 


(insol. 


(insol. ) 


| 


| Organ of | 
| 


reference 


(critical organ | 


bold face) 


GI (S) 
Total body 
Brain 
Spleen 
Muscle 


Liver 


Gl (LL) 


Lung 


Bone 
Total body 
GI (LLI) 


Lung 
GI (LLD 


Bone 
GI (LLI) 


| ‘Total body 


GI (LLD 
Lung 


GI (LLD 
Liver 
Kidney 
Total body 
Bone 


Lung 

GI (LLD 
GI (LLD 
Liver 
Kidney 
Bone 


| Total body 


GI (LLID 
Lung 


GI (LLD ate 


Total body 


| Liver 


Kidney 
Bone 


| 
Maximum 
permissible 


burden | 


in total 
body 
q(uc) 


| 


Maximum permissible concentrations 


For 40 hr week 


For 168 hr week 


| (MPC) . 
| (wc/cm*) 


(MPC), | (MPC), | (MPC), 


| (wc/cm*) 


(ucjcm?) | (uc/cm®) 


200 


9 x 10° | 


0.02 
0.04 
0.04 
0.04 
0.08 


x 10-4 


3 x 10° 
100 
200 


2x 10 | 3x 10° | 7 x 107 
3x 10-* || 8 x 10-3 


(2 1077 


9 


2 


0.01 
0.01 
0.02 


wn | Nol f= cme | 


10-6 


wo oO 
= 


iow) 
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Radionuclide 
and type 
of decay 


insol. 
av" sol. 
Boley 
insol. 
og rol sol. 
€. 
insol. 
@;Mn*? sol. 
B €& Y 
insol. 
og in” sol. 
€, 4 
insol. 
os Mn** sol. 
B : 
(insol. 


Organ of 
reference 


critical organ 


* bold face) 


GI (LLD 


| Lung 


GI (LLD 
Kidney 
Total body 
Spleen 
Liver 

Bone 


Lung 
GI (LLD 


GI (LLD 
Total body 
Lung 
Prostate 
Thyroid 


Kidney 


Lung 
GI (LLD 


GI (LLD 
Pancreas 
Liver 
Total body 


Lung 
GI (LLD 


GI (LLD 
Liver 


| Total body 


| Pancreas 


Lung 
GI (LLD 


GI (LLD 
Pancreas 
Liver 
Total body 


GI (LLD 
Lung 


| Maximum 
permissible — 


burden 

in total 
body 
q\ pe 


2 x 108 
4 108 
8 . 108 


ul 


9 


20 
40 


50 


yi bo 


Maximum permissible concentrations 


(MPC) , 


(ue/cm4 


9x 10° 
0.03 
0.04 
0.06 
0.09 


0.2 


For 40 hr week 


(MPC), 


(uc/cm*) 


4x 10-°% 


x 10-7 | 3 x 10- 


2 
so x 
4 
5 


10-7 
: 10 
8 x 10-7 
2 10-6 
6 x 10-5 
10-7 
10-° 
10° 
2 x 10-5 
3 10-5 
6 x 10-5 
10-4 
2 x 10-* 
8 x 10-6 
2x 10" 
4 10-7 
5 x 10-7 
8 x 10-7 
10-* 
2 x 107° 
8 x 10°? 
4x 10° 
8 10-7 
9 10-7 
4x 10°° 
6 x 1077 
8 x 107° 
6 10-6 
10-5 
3 10-5 
5 x 10-7 
5 10-6 


For 168 hr week 


(MPC), 


(uc/cm*) 


3 x 10 


0.01 
0.02 
0.02 
0.03 
0.08 


I» Ww 


10-8 


(MPC), 
(uc/cm$) 


5 x 10°° 
10-7 

6 x 10°5 
9 x 10-8 
10-7 

2 x 10-7 
3 x 10-7 
7 x 10-7? 


2 x 10° 
5 x 10°8 
4x 10-* 
4x 10° 
8S x 10-6 


Ww 
m4 
S 


3x 1O-" 
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| 
/Maximum Maximum permissible concentrations 
Organ of | permissible, — | — 
Radionuclide reference burden For 40 hr week _ For 168 hr week 
and type _ (critical organ in total —— - 
of decay bold face) body (MPC), | (MPC), || (MPC), | (MPC), 
q(uc) (uc/em*) | (wc/cm*) || (wc/cm*) | (wc/cm*) 


| 
' 108 0.02 9x10” 8x 10* 3x 10° 
<x 108 0.04 12x 10° 0.01 5 10-7 
Total body 3 x 103 0.06 2x 0.02 | 8x 10-7 
Lung < 108 0.07 3 > 0.03 9x 10-7 
GI (LLI) 0.08 . 0.03 5 x 10-8 
| Bone <x 108 0.1 5 > ; 0.04 2x 10-6 


insol.) | Lung 3x 10° 
| GI (LLD , ; 4x 10° 


GI (LLD > : x % x | 10-7 
- Spleen x 10> '5~x 10° 
Total body 5 x e112 > ; ir oe 
Liver 7 
Lung 0.02 . 7 “ 313. 
Bone 0.03 4 
insol. Lung | 
GI (LLID 2 x 10° 
sol.) | GI (LLD 0.02 
Total body 0.07 |6~x 0.03 
Pancreas 0.2 x 5 0.08 
Liver 0.4 ee : 0.1 
Spleen re 0.7 + x ‘ 0.2 
Kidney : | 8 x 1 G2 
insol. Lung 
GI (LLD J 2x 10°* | 4x 10°? | 


| GI(LLD | 2x 10-5 0.03 
Total body 200 2 0.6 
Pancreas 800 
Liver 103 
Spleen a 
Kidney 3 x 108 

insol.) | Lung 
| GI(LLD 0.02 


| GI (LLD 8x10" 10° 

| Total body 30 ; | 10-* 4x 10°33 | 
Pancreas 200 0.06 | 5 x 10-4 0.02 
Liver 200 0.08 4x - 0.03 
Spleen 400 | 0.1 | 10-5 0.05 
Kidney 600 1 @O2 2x 16° 0.07 
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Radionuclide 
and type 
of decay 


Maximum 


Organ of 
| reference 
(critical organ 


burden 
in total 


body 


Maximum permissible concentrations 


For 40 hr week 


permissible! N 


For 168 hr week 


(MPC), | (MPC), | 


(MPC), | (MPC), 


| bold face) 


| q(uc) (uc/cm*) | (uc/cm*) | (wc/cm*) | (uc/cm*) 


_ Lung 
_ GI (LLD 


(insol.) 


(sol.) | GI (LLD 
Total body 
Pancreas 
Liver 

| Spleen 
Kidney 


0.03 
0.05 
0.07 


0.02 
0.03 


(insol.) Lung 
GI (LLD 
(sol.) | Bone 10° 
Total body 3 x 103 
| Liver 14x 103 | 
GI (LLI) 


3 x 10-+ 
(6x 10° 5x 107 
0.01 
0.02 


2 x 10° 
4x 10-38 
6 x 10-3 


(insol. ) 


6 x 
4» 


oOo *& 


| 8 x 10-* 
| 4 x 10-8 
6x 10-3 


| Total body 
| Liver 
| GI (LLI) 
Lung 
GI (LLD 


(insol. ) 


“*|9 x 107 | 10° 
10-5 0.04 
0.4 3 0.1 


GI (CULD 
Bone 
| ‘Total body 
| Liver 


(sol. ) 
3 x 
10-8 


10-* 
10-5 | 


10° 


3x 10° | 5x 107 

5 x 10-6 
s | 

2x 10-* | 3 x 10°? | 7 x 
x 10-6 0.03 
«x 10-5 0.07 
10> | 0.2 
x 10> | 0.2 
«x 10-5 0.3 
x 10-4 1 


(insol.) GI (ULD 
Lung 


Cu” 


B-, Bt, € 


(sol.) | GI (LLI 

| Spleen 

| Kidney 
Total body 

| Liver 
Heart 

| Brain 


os 
30 

80 

100 

200 

600 


x 


On uk DOD 


4 
2x 10° | 4x 10’ 
| 3 x 10-6 


(insol.) | GI (LLD (6x 10° | 10-* 


| Lung 
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Radionuclide 
and type 
of decay 


| 

| Organ of 

| reference 

| (critical organ 


bold face) 


| 


Maximum 
permissible 
burden 
in total 
body 
q(uc) 


Maximum permissible concentrations 


For 40 hr week | 


For 168 hr week 


(MPC), | 
| (uc/em*) 


(MPC), 


(uc/cm?) 


| (MPC), 
| (ue/cm*) 


(MPC), 
(uc/cm*) 


(insol.) 


(insol. ) 


| Total body 
Prostate 
Liver 

Kidney 

' GI (LLI) 

| Pancreas 
Muscle 
Ovary 

| Testis 

| Bone 
Lung 
GI (LLD 
GI (LLI 
Prostate 
Pancreas 
Liver 
Kidney 
Ovary 
Total body 

| Testis 
Bone 
Muscle 
GI (LLD 

| Lung 
GI (S) 
Prostate 
Pancreas 
Liver 
Ovary 
Kidney 
Testis 

| Bone 

| Total body 

| Muscle 


60 
70 
80 
100 


200 
200 
300 
400 


40 
50 
200 


| 


10’ 
10~’ 


4 x 10° 
4 x 10° 
5 x 10-8 
7 x 10-8 
4x 10-7 
19x 10-8 
| 10-7 

12x 10-7 
| 2x 10-7 
| 4x 10-7 


x 10-3 
< 10-3 
«x 10-3 
x 10-8 
< 10-3 
< 10-3 
0.01 


x 10-3 | 


x 10-4 | 
x 10-3 
0.02 
0.05 
0.07 
0.07 
0.2 
0.2 
0.2 


wwwnrere 


— 


Liver 

| Total body 
| Bone 

| Spleen 


| 2x 10° 


| 
| 


4x 10-6 
8 x 10-6 
10-5 
10-5 
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Maximum Maximum permissible concentrations 
Organ of permissible aa 
Radionuclide reference burden For 40 hr week | For 168 hr week 
and type | (critical organ | in total |——-H4H+———_} 
of decay bold face) | body | (MPC), | (MPC), (MPC), (MPC, 


| 
| (we/om®, 


{| gmc) | (uc/em®*) | (uc/em*) 


Kidney | 10 | 3 | 4x 10-6 


(insol.) | GILL) | 2x 107 | 4x 6x 10° 
| Lung 10-* i | 4 x 10-* 


GI (LLD 10-5 . 4x 107% 
Kidney | ee ’ oe 
|- Liver 6 > . 12x 10-4 
Total body 2 9 > 13 x.10- 


insol.) | Lung x ' 2x 10-* 
GI (LLD \ x J |3 x 10-* 


| GI(LLD | A » a: ‘ *| 0 
Total body 300 
Kidney 600 
Liver 108 


insol.) | Lung 
GI (LLD 


GI (LLD 
| Total body z 0.02 
| Kidney , 2 > 0.05 
Liver fe 3 > 0.08 
insol.) | Lung 
GI(LLD 


_ GI(LLD 
Total body 
Kidney 


Liver 


insol.) GI (LLD 
Lung 
GI (LLD 
Total body 
Kidney 
Liver 


insol. GI (LLD 
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Radionuclide 
and type 
of decay 


| 
| 
Organ of 
reference 
(critical organ 


bold face) 


| 


Maximum 


permissible, 


burden 
in total 


Maximum permissible concentrations 


For 40 hr week 


For 168 hr week 


(MPC) , 


(uc/em*) | 


(MPC), 


(uc/cm*) | 


(MPC), 


(insol. ) 


(insol. ) 


geKr®>” (submersion 


B37 


ger®> (submersion 


87 (submersion 


insol. 


insol.) 


Liver 
Spleen 
GI (LLI) 
Lung 
GI (LLD 


Total body 
GI (SD 


GI (LLD 
Lung 
Total body 


Total body 


_ Total body 


Total body 
Pancreas 
Liver 

| Spleen 

| Muscle 
GI (LLI 


Lung 
GI (LLD 


Pancreas 
Total body 
Liver 

| Muscle 

| Spleen 
GI (LLI) 
Lung 

GI (LLD 


GI (SD 


| Total body 


0.01 
0.02 


0.07 


8x 10° 


6 x 10-6 
4x 10°5 
3’ 19-* 


see +— : 
3 x 10° | 4 x 10°’ 
3 x 10° | 6 x 10°’ 


~ 


— 
— i) 


50 REPORT OF COMMITTEE TWO 
Maximum | Maximum permissible concentrations 
Organ of gooey 1 
Radionuclide reference burden For 40 hr week For 168 hr week 
and type | (critical organ | in total | 
of decay | bold face) body (MPC), | (MPC), | (MPC), | (MPC), 
| q(uc) | (we/em*) | (ue/cm*) | (uc/cm®) (uc/cm?) 
| Bone | 70 5 |4x 10-4 2 10-4 
(insol.) | GI (SD 0.2 3x 10° 0.07 10-5 
Lung 9x 3 x 10-5 
ggor®® (sol.) | Total body | 60 3x 10% 2x 107 10° 8 x 10-° 
6 Y Bone 70 4x 10-3 | 4 x 10-7 || 2 x 10-3 | 10-7 
GI (LLI) | 7X 1°? 12x We 2 10-7 | 3 x 10’ 
(insol.) | Lung 10-° 4x 10° 
| GI (LLD 5§ x 10°? | 9 10-7 | 2 x 10°* | 3 x 10°’ 
ast? (sol.) | Bone 4 3x10* 3x 10° 10° 10-8 
B GI (LLI 10-3 3 x 10-7 || 4 x 10-4 | 9 x 10-8 
Total body 40 2x nN i2x 7x 10-* 16x 10-° 
(insol.) | Lung |'4x 10° | | 10° 
GI (LLD 8x 10 1077 3 x 10-4 | 5 x 10° 
ggor?? (sol.) Bone 2 4x10* 3x10" 10° | 107° 
B- bye body 20 | 10-5 9 x 10-1°|| 4 x 10-* | 3 x 10-10 
whem =f | 10-8 | 3x 10-7 | 5 x 10-4 | 10-7 
Gusot.) | tame 5 x 10° (2x 10-° 
GI (LLD 10° 2 x 10-7 | 4 x 10-* | 6 x 10° 
aT ®! (sol.) | GI (LLD 2x 10° 4x 107 7x 10-* | 2x 107 
By Bone 3 0.02 2x 10-* || 7 x 10-3 | 5 x 10-7 
| Total body 9 0.07 [6x 10-* | 0.02 | 2x 10- 
(insol.) | GI (LLD 10-° 3x 107 | 5 x 10+ | 9 x 10°° 
Lung 10-8 | 4 x 10-7 
Sr? (sol.) | GI (ULD 2% 10° 4x 107 7x 10-2 x 107 
By Bone a. 0.05 |4x 10-* || 0.02 2 x 10-* 
| Total body 8 | 0.2 |} 2x 10-5 | 0.07 6 x 10-6 
WG eae Poca | | | 
(insol. ) GI (ULD 2x 10° 3x10"? 6x10" 10° 
Lung | | 3 x 10-6 | 10-6 
ag ¥ °° (sol.) | GI (LL) | 6x 10 | 107” 2x 10*| 4x 10° 
p- | Bone | a | 10 5 x 10-7 | 4 2x 10-7 
| Total body 20 | 80 3x 10-* || 30 10-6 
= 
} 
(insol. ) GI (LLD | 6x 10-* | 107” | 2x 10+ | 3 x 10°° 
| Lung | 3 x 1077 | 10-7 
| 
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Maximum 
| permissible 
burden 
in total 
body 

|  g(uc) 


Maximum permissible concentrations 


Organ of 
reference 
| (critical organ 


bold face) 


Radionuclide For 168 hr week 


and type 
of decay 


For 40 hr week i 


(MPC), 


(uc/cm’) | 


(MPC) , 
(uc/cm®) 


(MPC), 
(uc/cm*) 


(MPC). | 
(uc/em®) | 


8 x 10-° 
2x 


8 x 10-5 


0.03 
400 
| 2x 108 


0.1 
103 
6 x 108 


GI (SD 
Bone 
| Total body 


791 
39 Y ™ 


By y 


2 x 10° 
6 x 10-5 


$ | 
2 x 10-4 


20 


6 x 10-* 
10-5 


x 10-5 


x 10-5 | 


GI (SD 0.03 


Lung 


(insol. 


y 
4 


6 X 
| 10-8 
| 8 x 10-8 
10-8 
| 5 x 10-8 


3 x 10-* 10-8 


0.3 


9 


12x 1077 
4x 10° 


9x 


C1“ 


GI (LLD 
Bone 
| Total body 


(sol. 


| 3x 10° 
10-7 


Lung 


GI (LLI) 3 x 10-¢ 


6 x 10-* | 10” 
40 |2x 10-* 


300 10-5 


2x 10° 4x 10 
100 |6 x 10-8 | 
800 3 «x 10-5 


| Bone 
Total body 


2x 10°? | 3 x 1077 
| 3 x 10-8 


(insol.) | GI (ULD 6 x 10-* | 1077 
| 10-6 
3x 10“ 6x 10° 


20 | 7 
| 


/ 
90 4 > 
x 10 


(sol.) | GI (LLD 
Bone 
Total body 


3 


(insol. 


GI (LLD 

Bone 

Kidney 

Spleen 

Total body 
| Liver 


5 x 10-8 

10° 

3 x 10-7 
14x 10-7 


18 x 107 


(sol. ) 


6 
10 
20 
30 


‘ 
‘ 


| Lung 
GI (LLD 


GI(LLD 10-4 | 10-7 


Total body 
Bone 

| Kidney 
Liver 
Spleen 


4 x 10°5 
| 6 x 10-8 
| 6 x 10-8 
| 9x 10-8 
| 10-7 


Lung 
GI (LLD 
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/Maximum Maximum permissible concentrations 
Organ of permissible] ———-—————————_, — 

Radionuclide reference | burden For 40 hr week For 168 hr week 
and type (critical organ | in total ————~~——____ SAMO leases snes 
of decay bold face | body (MPC) ,, (MPC), (MPC), (MPC), 

q(pe (uc/em$) | (ue/cm* (ue/cm$ (uc/cm$) 
we” sol.) | GI (LLD 5x10" 10° 2x 10% 4x 10° 
B-, y Bone 5 60 3 10-6 20) 10-6 
Kidney 8 100 5 x 10-6 40 2x 10-4 
Total body 9 100 5 10-6 40) 2 x 10-* 
Liver 10 200 7 po* 60 o xX - as 
Spleen 10 200 8 x 10-¢ 60 3 x 10-8 
(insol.) GI (LLD §x10* 9x10° 2x10" 3x 10° 
Lung 6 x 10-7 2x 10-7 
4 Nb*** (sol.) | GI (LLD 0.01 3 10-*§ 4x 10° 9x 107 
y; e Bone 200 3 10° l 4x 10° 
Kidney 300 5 v4 10 2 ‘ x 
Spleen 400 5 2 10-7 2 8 10-8 
Liver 400 6 3 x 10-7 2 9x we 
Total body | 500 8 3x 10 3 10 
(insol.) | Lung | 2x 1077 | | 5 x 10°° 
GI (LLD 001 2x 10%) 4x 10° | 7 x 107 
4, Nb*™® (sol.) GI (LLD 3x 10° | 6x 107 10° | 2x 10-7 
8, y Total body | 40 10 5 x 10° 4 2x 10° 
Liver 60 20 7 10-7 6 3 x 10-7 
Kidney 60 20 8 10-7 6 | 3 10-7 
Bone SO 20 $x 0 7 3 x 10-7 
Spleen 80 20 10-6 7 3 id 
insol. Lung 10-7 | 3 x 10-8 
GI (LLD 3 x 10°* | 5 x 10-7 || 10°? | 2x 10-7 
4, Nb” sol.) GI (ULD 0.03 6x 10° 9x 10* 2x 10° 
B-,y Bone 10 2 x 103 9 10-* 700 | 3 10-5 
Kidney | 20 Bsa. wee © 108 6 x 10-5 
Total body 20 4x 103 | 2x 10-4 || 103 6 x 10-5 
Liver 30. | 4x 10? | 2x 10-* | 2 x 10? | 7x 10-5 
Spleen 30 | 5 x 108 2 10-4 } 2 x 108 7 x 10-5 
insol.. GI(ULD ' 0.03 5x10* 9x 10° 2x 10° 
Lung 2 10-5 7 10-6 
12Mo* (sol.) Kidney 8 5x 10° 7x 107 2x 10° | 3x 107 
By GI (LLD (7x 10} 2x 10-* 2x 10 | 5x 107 
| Liver 2 | 001 |2x 10-* | 5x 10-3|6x 1077 
Total body =| 40 0.02 3 x 10-* || 8 x 10-3 | 10-6 
insol., GI (LL) 10-* 2x 107 | 4x 10“ 7x 10° 
Lung 15 x 10-7 |] |2x 10-7 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Maximum | Maximum permissible concentrations 


Organ of _| permissible fo 

Radionuclide reference burden For 40 hr week For 168 hr week 
and type (critical organ | in total |——————— a 
of decay bold face body (MPC),, | (MPC), (MPC), | (MPC), 


q(mec (uc/em*) | | (uwc/cm$) 


GI (LLD x ‘3x 10> 
Kidney 60 : . 10-4 
Total body 70 . 10-4 
Liver 800 40 

Lung 2 x 108 130 

Bone 104 700 0.08 

Skin 2~x 104 800 0.09 


insol. Lung 
GI (LLD 


GI (LLD 
Kidney 
Total body 
Liver 
Lung 
Bone 

Skin 


insol. GI (LLD 


Lung 


GI (LLD 
Kidney 
Total body 
Liver 

Skin 

Bone 

Lung 


insol.) Lung 
GI (LLD 


GI (LLD 

Kidney 60 
Liver S00 
Total body 108 
Bone 6 x 108 
Lung 9 x 108 
Skin 3 x 104 


insol. 


GI (ULD 
| Total body 
Kidney 


REPORT OF COMMITTEE TWO 


| 
Maximum Maximum permissible concentrations 


Organ of permissible! 

Radionuclide reference burden For 40 hr week For 168 hr week 
and type (critical organ | in total 
of decay bold face ) body (MPC), | (MPC), (MPC), | (MPC), 
q(uc) | (wc/em’) | (uc/em’) || (uc/em*) | (uc/cm? 


| Liver 104 100 0.01 
2x 104 200 0.02 
0.1 


(insol.) GI (OULD 
Lung 
GI (LLD 
Kidney 10 0.02 
| Liver 200 0.3 
Total body 200 0.4 
| Skin 400 0.7 
| Bone 500 0.9 
Lung x 108 4 
(insol.) Lung 
GI (LLD 
GI (LLD x 4x 10° 
Kidney 30 
Total body 100 
Bone 900 
(insol.) GI(LLD Y Xx 3x 10° 6x 10° 
Lung 


agRul?s .) | GICLLD 2 x 10° 

' Kidney 0.08 
Total body 0.2 
Bone 0.6 


(insol.) Lung 
GI (LLD 2x nw 


agRuts -) GI(ULD 
B-yy,e Kidney 

| Total body 

| Bone ; x - 3x 10-5 


(insol. GI (ULD 2x 107 
| Lung 


GI (LLD 8x 10° 10 
Kidney : f 10-7 4x 10-8 
| Bone | 0.04 5 x 10-7 0.01 
_ Total body 0.06 7 x 1077 0.02 |3 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Maximum Maximum permissible concentrations 
| permissible 
reference burden 

(critical organ |_ in total 
bold face) body (MPC), | (MPC), 


q(pc) (uc/cm?) | (uc/cm?) 


Organ of 


Radionuclide For 40 hr week For 168 hr week 
and type 


of decay 


(MPC), | (MPC), 


(uc/cm) 


(insol. 


103m 
;,Rh 


YY, € 


insol. 


insol. 


Pd 103 


yY. € 


(insol. 


»$ 
Pd 109 


> @ 


(insol. 


sol. 


Lung 


Total body 
Liver 
Bone 

GI (S) 
Lung 

GI (LLI 
Bone 
Kidney 
Spleen 
Total body 
Liver 

GI (LLD 
Lung 

GI (LLD 
Kidney 
Spleen 
Liver 
Total body 


Lung 
GI (LLD 


GI (LLD 
Kidney 
Spleen 
Liver 


Total body 


GI (LLD 


Lung 


GI (LLD 
Total body 
Kidney 
Liver 

Bone 


6 x 10-° 
6 x 10-8 


10-* 


8 x 


3 x 10° 
0.06 


8 x 10° 
10-3 

2 x 10-3 
3x = 
5 10-3 
9 x 10-3 


6 x 10-7 
4x 10-6 
2 x 10-5 
2x we 


0.1 
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| Maximum | Maximum permissible concentrations 


| Organ of permissible ae 
Radionuclide | reference burden For 40 hr week | For 168 hr week 
and type | (critical organ | in total i — 
of decay | bold face) body (MPC),, | (MPC), || (MPC), (MPC), 
|  q(pc) (uc/cm*) (uc/cm*) (uc/em®) | (uc/cm* 
igiietinnidipapncacsintiniiccaiaiatinesieah aii Se |——--——|| = = 
(ineol.) | Lung | 8x 10-8 | 3 x 10-8 
GI (LLD 3x 10° > 5x 10°? | 10° 2 x 10°’ 
ss = ee ae Re ee Bot | ve" Sots sve eis Me, rie r 
a7g?*™ (sol.) GI (LLD 19x 10-* | 2x 107 | 3x 10+ | 7 x 10° 
B-, | Kidney 10 0.2 | 8 x 10° 0.06 3 x 10-7 
Total body 10 0.2 9x 10-7 || 0.07 ox 20" 
| Liver 2 | 04 |2x10*]} 01 5 x 1077 
| Bone 40 | 0.7 | 3 x 10-8 0.2 10-8 
insol. Lung | 10-8 | 3x 10° 
GI (LLD 9 x 10-* | 2 x 10-7 | 3 x 10-* | 5 x 10°° 
Ag sol.) | GI (LLD —10-° '3x 107 4x 10“ 10~” 
B-, ¥ | Kidney 20 0.7 | 3x 10-* 0.2 | 10-* 
Total body 50 ] 6 10-* 0.5 12x 10- 
Bone 60 2 8 10-6 0.6 3 10-* 
Liver 8O 2 ia 0.8 3 10~® 
insol.) GI @LLD 10-° (2x10 4x 10" 8 x 10° 
Lung 13 x 10-7 19x 10-8 
Cd 29 sol.) | GIE(LLD 5x 10-* | 10-8 2x 10° | 4 107 
€, Y; € | Liver 20 0.05 §x10*| 0.02 2x 10° 
Kidney 20 | 0.05 6x 10° | 002 |2~x 10° 
Total body 200 0.5 5 10-7 0.2 ‘2x 3 
insol. Lung | 7x 10-8 3 x 10° 
GI (LLD 5 x 10°? | 9 x 10-7 | 2 x 10°? | 3 x 107° 
gd 115 sol.) | GI(LLD 7x 10-* | 2x 107 | 3 x 10-* | 6 x 10° 
aro oe Liver 3 0.03 | 4x 10° 0.01 | 10-5 
Kidney + | 0.04 4x 10% onl |2xn°* 
| ‘Total body 30 | 0.4 | 4 10-7 0.1 10- 
insol.) Lung | 4x 10° 10° 
GI (LLD | 7x 10-* | 10° 3 x 10-* | 4 x 10°° 
gC ts sol.) | GI(LLD 10° 2x10" 3x 10* 8x 10° 
B-, y, € Liver 3 0.6 6 x 10-7 0.2 12x 10-7 
Kidney 5 0.8 8 x 10-7 0.3 | 3 x 1077 
Total body 30 5 13x 2 2 Xe 
insol.) | GI (LLD 10-3 2x 107 4x 10 | 6x 10-8 
Lung | 6 x 10-7 | 2x ie 
gint#s= (sol.) | GI (ULD 004 | 8x 10° 0.01 | 3 x 10° 
y; e Kidney 30 200 2x 10“ 70 |6 x 10-5 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Maximum Maximum permissible concentrations 
Organ of permissible ! 
Radionuclide reference burden For 40 hr week —||_~—- For 168 hr week 
and type | (critical organ | in total 
of decay bold face) body (MPC),, | (MPC), || (MPC), | (MPC), 
q(pc) (uc/cm?) (uc/em*) | (ue/cm$) | (uc/cm$) 


200 2x10*| 7 «|6x 10-5 
| 300 |3x10-! 100 | 

Total body 400 | 4x 10-4 200 

Bone ‘ 600 | 5 x 10-8 200 

Skin | 900 18x 104 309 

x 103 | 3x 10-3 | 103 


(insol. | 0.04 | 7x 10° 


15 x 10-5 | 


wicitapaacl — eee La 


GILD x 10- | 107 (2x 10 | 4x 10° 
Kidney | O01 | 107 0.04 | 4x 10° 

| Spleen | o1 {107 | 004 | 4x 10- 

| Liver 3 12x 16-* 0.07 | 6 x 10-8 
Bone 1 03 |2x 10-7] 0.09 |8x 10-8 
Skin ‘ ' | 3 x 10-7 0.1 | 10-7 
Total body 2 R 14x 10-7 0.1 i? 
Thyroid é . x . 0.3 


(insol.) | Lung 12x | 
GI (LLD | 5> 18x .| 2x 10 | 
| GI (ULD | . x | 4x 10-3 | 
Kidney ‘ | 5 30.—i| 

Spleen > x 10- 30 

| Liver 5 | 40 

Total body 2x 60 

| Thyroid 200 70 

| Bone 200 BB 70 

_ Skin 300 3 x | 100 


(insol.) | GI (ULD (2x 10° | 4x 107 | 6 
| Lung | 2 > . | 6x 10-5 


(sol.) | GI (LLD 3 x 10° | 6 x 107° | 9 x 10°-* | 2 x 10° 
Kidney | 0.3 0.1 
Spleen i 0.4 3 x | 0.1 
Liver 0.5 | 4x 0.1 
Bone 0.6 x 0.2 
Skin | | 0.8 x Zin 0.3 
Total body , 0.4 

| Thyroid 


(insol.) Lung 
_ GI(LLD 


(sol.) GI CLLD | 5 x 10-7 


REPORT OF COMMITTEE TWO 


Radionuclide 
and type 
of decay 
€, y; e 
(insol. ) 
ygnn** (sol.) 
Bo, ¥, € 
(insol.) | 
5p5b!?? (sol.) 
By y 
(insol. 
5y5b!*4 (sol. ) 
B-, y 
(insol. 
spb! (sol.) 
B-,y,e 
| 
(insol. ) 


| 


| Maximum 


Maximum permissible concentrations 
Organ of _| permissible} i 
reference burden | For 40 hr week For 168 hr week 
(critical organ in total — 
bold face) body | (MPC), | (MPC), | (MPC), | (MPC), 
q(uc) | (we/em*) | (uc/em*®) || (wc/cm*) | (ue(/cm* 
Bone 30 0.02 4x 107 6x 10 107 
Total body 60 0.04 | 8 x 1077 | 0.01 3 x. 10-" 
Prostate 70 0.04 19x 10-7 || 0.02 3x 10° 
Liver 400 0.3 5 x 10-6 0.09 2x 10-8 
Thyroid 103 0.9 2x 10-5 0.3 6 x 10-6 
Lung 5 x 10° |2 x 10° 
GI (LLD 2x 10° 4x 107 8x 10% | 10-* 
GI (LLI 5x 10* | 107° 2 x 10° | 4x 10° 
Bone 7 0.02 | 3x 10-7 || 6 x 10-% | 107 
Prostate 10 | 0.03 6x 10-7 19 x 10-* | 2x 
Total body 20 | 0.05 | 10-* 0.02 | 4x 10-7 
Liver 100 0.3 7 x 10-8 0.1 | 2 x 10-* 
Thyroid 300 | O8 Peo x, 0.3 1 ox ee 
| | } 
Lung | 8x 10° | 3x 10° 
GI (LLD 5x 10* | 9x 10°* | 2x 10 | 3x 10° 
GIALD 8x 10 2x 107 3x 10-4 (6x 10-8 
Total body 20 03 |4x 10] 0.1 | 10-8 
Lung 40 0.5 6 x 10-6 0.2 2x 10-* 
Bone 40 0.5 6 x 10-6 0.2 2 x 10-* 
Liver 103 10 | 2x 10-4 4 5 x 10-5 
Thyroid 3 x 108 40 4x 10-4 10 | 2x 10-* 
GI (LL) 8x 10 | 107 3x 10+) 5x 10-8 
Lung 4x 10-7 | 10-7 
a ee — ————— alienate | — 
GI (LLD 7x 10-* 2x 107 2x 10* | 5 x 10-° 
Total body 10 0.02 2x 107 | 6 x 10°* | 7 x 10°° 
| Lung 20 0.02 3 x 10-7 | 8 x 10-3 | 107-7 
| Bone | 30 | 0.04 5x 10-7) 0.01 2x 10-7 
| Liver 800 | 10-5 0.4 4x 10-6 
Thyroid | 104 20 2x 10-4 6 | 7 x 10-6 
Lung 2x 10° (7x 10-° 
GI (LLD 7x 10" 10-7 2x ®@ | 4x 10-8 
GI (LLD 3x 10° 6x 10-7) 10-8) | 2x 1077 
Lung 40 0.04 |5~x 10° 0.01 \2x 
Total body | 60 0.05 6 x 1077 0.02 2x 1077 
Bone 70 0.06 8 x 10-7 0.02 2x 107 
Liver 13 x 10- 3 3 x 10-5 0.9 10-5 
Thyroid | 7 x 10 60 7x et 20 2x i0-* 
Lung | | (3x 10 9x 10-° 
GI (LLD (3x 10°|)}5x 107) 10°) =| 2x 1077 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Radionuclide 
and type 
of decay 


| 
| 
| 
| 
| 


Organ of 
reference 


| (critical organ 


bold face) 


Maximum 


Maximum permissible concentrations 


permissible 


burden For 40 hr week 


| 


For 168 hr week 


in total 
body 
q(uc) 


(MPC), | (MPC), 
(uc/em*) | (uc/cm’) 


(MPC) « | 
(uwc/cm*) 


(MPC), 
| (uc/cm$) 


5 ole! 25m 


Ye7 


Kidney 

GI (LLD 
Testis 
Spleen 
Liver 
Total body 
Bone 
Thyroid 


(sol.) 


} 

'5x 10° | 4x 107 

| 5 x 10-3 | 10-8 

| 6x 10-7 

| 0.02 | 10-6 
0.04 | 3 
0.04 3 x 10-6 
0.04 |3~x 10-6 
0.2 10-5 


20 


Lung 


(insol. 


Total body | 
Thyroid | 


(insol.) | Lung 
GI (LLD 


GI (LLD 
Kidney 
Testis 
Spleen 
Total body 
Bone 
Liver 
Thyroid 
GI (LLD 
Lung 
GI (LLD 
Kidney 
Testis 
Spleen 

| Total body 

| Liver 

| Bone 


Thyroid 


10° 


(3x 10 | 6 x 1077 


10°’ 
10° 
5 x 107° 
5x i 
9 x 10-7 
| 10-6 
10-6 


7 =%|2~x 10° 

7 2 x 10°° 

| 2x 10°3 

6 x 10-3 | 
0.01 
0.01 
0.02 
0.05 


20 
50 
50 
60 
200 


5 x 1077 | 


“% 10-* | 


4x 10°’ 


x 10-* | 2 x 10” 


> 10-3 | 4 x 10-7 


>x 10-8 


0.01 
0.01 
0.02 
0.05 


0.02 


5 


x 10-4 


8x 10° 
a 
0.2 


| 10-5 
| 10-5 
14x 10-5 
6 x 10-5 
| 7x 10-5 
9 x 10-5 
10-4 


2 x 10° 


3 


x 10° | 
0.05 
0.05 

0.2 

0.3 

0.3 

0.4 


0.5 


Tee Fe eH 
eM iT x x 


- We 


9x 10° 
| 8 x 10-8 


2 x 10-" 


Ovvyneowwa | Ow 


Lung 
GI (LLI 


REPORT OF COMMITTEE TWO 


Maximum | Maximum permissible concentrations 
Organ of permissible, ————————_——_ 
Radionuclide reference burden For 40 hr week For 168 hr week 
and type critical organ | in total ————_-——_——___ —— 
of decay bold face) body | (MPC), | (MPC), | (MPC), | (MPC), 
q(uCc) (ue/cm*® (uc/em*) | (wc/cm?) 


GI(S) x 8x 10-2 10° 
Kidney : : 3 x 6 0.1 | 10-5 
Testis } ). 3 > . 0.2 | 10-3 
Spleen 2 0.5 

Total body 

Liver 

Bone 

Thyroid 


insol. GI (ULD 
Lung 


GI (LLD 
| Kidney 
Total body 
| Spleen 
Liver 
Bone 
Thyroid 


insol.) | GI (LLD 


Lung 


| GI(LLD 

Kidney 

Testis 

Total body | 0.02 
Spleen 0.02 
Liver 

Bone 

Thyroid 


Orn = = Ohh 


(insol.) GI (LLD | | 6 x 4 2x 10-* | 4 x 10- 


Lung 2 » 7 7 10-8 


Thyroid x 8x * 2x10° 3x 10° 
Total body ¢ > x 107-3 | ¢ 7! 29x 10-? | 3x 10-7 


GI (LLI OK ' 0.02 14x 19 


insol. Lung ‘x 7 Fits 10-7 
GI (LLD | 3x x 10-7 9 x 10-* | 2 x 1077 


| Thyroid 10" 12x 4x 10-* | 6 x 107° 
Total body | }2x 10-3 |2x 10-7 | 5 x 10-* | 7 x 10-8 
GI (LLI | | 0. <10- | 0904 |9 x 10-8 


(insol.) | Lung | | 7x 10-° | 2 10-8 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| Maximum 
permissible 
burden 
in total 
body 


Organ of 
reference 
| (critical organ 


bold face) 


Radionuclide 
and type 
of decay 


Maximum permissible concentrations 


For 168 hr week 


For 40 hr week 


| . | 


(MPC) ,. | 


(uc/em?) 


| (MPC), 


(uc/cm) 


| (MPC), 
(uwc/cm) 


(MPC), 
(uc/cm*) 


| GI wemtedl 


Thyroid 


(sol.) | 
& Total body 
| G 


(LLI) 
GI (LLD 


(insol. 


| GI (SI) 
| Total body 


insol.) | GI (ULD 


| Lung 


(sol.) Thyroid 
GI (SI) 
Total body 
insol. | GI (LLD 
Lung 


(sol. | Thyroid 

| GI (S) 

| Total body 
| GI(S) 

| Lung 


insol. 


(sol.) ) |: Thyroid 
| GI (SI) 
Total body 


GI (LLD 


| Lung 


(insol. 


54¢!9!™ (submersion) Total body 
54.s¢!3% (submersion), Total body 
Y, eo 


Xess (submersion) Total body 


| "Total body 


sss??? (sol. 


7x 10" | 10° 2° 


6 x 10-* | 10-8 
6x 10° | 9 x 10 
5x WB 18. x 

0.03 7 x 10 


12x 10-7 | 2x 
0.01 | 3 x 


6 x 10-* | 10-* 
9 x 10-3 | 10-6 


4x 10) 7x 10 
| 4.30. 10-° 


| 2x 10° 
10-3 | 10-6 


x 10-* | 10-* 
7 x 10-8 
10+ | 4 x 10 
i3~x | 5 3 10-8 10-* 
0.02 


0.01 
0.05 | 4 


(2x 107 Ax y 


REPORT OF COMMITTEE TWO 


Maximum Maximum permissible concentrations 
Organ of permissible | 
Radionuclide | reference | burden For 40 hr week | For 168 hr week 
and type (critical organ | in total | | | 
of decay bold face) body | ire (MPC), (MPC), | (MPC), 
| (wc/em*) | (uc/cm*) (uc/em*) | (wc/em$) 


0.09 10-5 0.03 4x 10-* 

0.1 2x 10-5 0.04 | 6x 10-8 

0.1 2x 10-5 0.005 | 7x 10-6 
0.2 | 3x 10- 0.07. | 10-5 

0.5 02 |4x 10-5 

0.3 | 4x 10-5 

| 5 x 10-5 


(insol. ) | 10° 
| 2 x 10-* 


x : 10-6 
Total body | 7 = We 4x 10-5 
5 x 10-5 
7 x 10-5 
x 10-5 
9 x 10-5 
2 x 10-4 
10-4 


Liver 
| Spleen 
| Kidney 
Muscle 


NS ne me 


— 
Co bo 


(insol. ) GI (LD 


| Lung 


) | Total body 

Liver 
Muscle 
Spleen 

| Kidney 90 =| 10-3 
Bone 200 > ie 

| Lung 300 4x 

0.01 


(insol. ) 


}10* =| 2x "10-7 | 4 x 10-* | 


200 3 x 10° 
300 4x 10°% 
300 | 4x 10-3 | 
| Bone 400 6 x 10-3 | 
Muscle 500 6 x 10-8 
Kidney 600 =| 9x 10-3 
Lung 2x 10? | 0.03 
GI (LLI) | 


(insol. GI (LL) | 2x 10° 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| 

Radionuclide 
and type 
of decay 


Organ of 
reference 


| (critical organ 


bold face) 


| 
Maximum 


Maximum permissible concentrations 


permissible} 


burden 


For 40 hr week 


For 168 hr week 


in total 


body | (MPC), 


(MPC), 
(uwc/cm®) 


(MPC) , 
(uc/cm*) 


(MPC), 
(uc/cm) 


q(uc) | (ue/em?) 


(sol.) | Total body 

Liver 

| Spleen 
Muscle 

| Kidney 

| GI (SI) 
Bone 
Lung 


136 
55CS 


Byy 


Lung 
_GI(LLD 


(insol.) 


(sol.) | Total body 
Liver 
Spleen 
Muscle 
Bone 
| Kidney 
| Lung 
| GI (SI) 


(insol.) | Lung 
GI (LLD 


(sol.) | GI (LLD 

| Total body 
' Bone 
Liver 
Muscle 

_ Lung 

| Spleen 
Kidney 


x 10° 
60 5 x 10-3 
80 «x 10-3 
«x 10-3 | 
x 10-3 
0.02 

0.03 


30 


| 3 x 10-8 


0-7 

x 10-7 
x 10-7 
10-7 


x 10-4 
x 10-8 
x 10-3 
x 10-3 | 


—~ + LO 


x X &X 


10-3 
0.01 
0.02 


bo 


wo bo 


x 10-° 4x 10° 
0.03 4x 
0.05 

7 

10 

10 

20 

20 


(insol.) | Lung 
GI (LLD 


GI (LLI) 

| Bone 
Total body 
Liver 
Lung 
Muscle 
Spleen 

| Kidney 


(sol. ) 


9 
| 108 
| 3 x 108 
| 3x 108 
| 4 x 108 
| 4 x 108 


lax 
x 10-5 
x 10-5 
x 10-5 


(insol.) | Lung 
GI (LLD 


10-3 


13 Xe see 


REPORT OF COMMITTEE TWO 


Radionuclide 
and type 
of decay 


57Lale 


Organ of 
reference 
(critical organ | 


boldface) | 


i 
Maximum | Maximum permiss ble concentrations 


permissible 


burden 

in total 
body 
q(uc) 


| For 40 hr week 


For 168 hr week 


(MPC), 


(uc/cm?*) 


(MPC),, 
“ee lcm?) | 


| (MPC) 
| (pe/cm) 


(MPC), 
(uc/cm*) 


p- y 
> ‘ 


(insol. 


(insol. 


(insol. 


(insol. 


GI (LLD 
Liver 
Bone 


Total body 


GIL) 


Lung 


GI (LLD 4 


Liver 

Bone 
Kidney 
Total body 


Lung 
GI (LLD 


GI (LLD 
Liver 

Bone 
Kidney 
Total body 


GI (LLD 


Lung 


| GI(LLD 


Bone 

Liver 
Kidney 
Total body 
Sone 

GI (LLD 


GI (LLD 


Bone 

Liver 
Kidney 
Total bedy 


GI (LD 
Lung 


GI (LLD 
Bone 
Liver 


(7x 10 | 2x 107 


2 x 10 


17x 10-* | 


100 


| 10-3 


(3x 10+ 


3 x 10- 


9x 107) 


80 
100 
200 
300 


| 9 x 10 


20 
20 
20 


5 x 10° 
7 x 10-7 
| 8 x 10-7 
'9 x 10-7 


10 2x 10“ 


9 x 10 


4x 10° 
10-7 
2 x 1077 
2x 107° 
| 2x 107 
13x 10-7 
| 4 x 10-7 
5 x 10-5 
2 x 107’ 
9 x 10° 
17x 10- 
10-6 
2x% we 
= Xe 


(2x 107 
6 x 10- 


8 x 10-8 


6 x 10-* | 


30 
40 
60 
90 


4 x 10- 6 | 
14x 10 6 | 
8 x 10-* 
| 10-5 


ree ey ER 


2% 107 | 3 x 10 
| 10-6 | 


3x 107 
5 x 10-7 | 4 


7? eae" F 5 


| 5 x 10-4 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Maximum Maximum permissible concentrations 

Organ of permissible i 

Radionuclide | reference burden For 40 hr week For 168 hr week 
and type | (critical organ | in total | | 
of decay bold face) body (MPC), |, (MPC), | (MPC), | (MPC), 


qlee) | (ncfem*) | Gejem") | (uc/em*) | (uc/cm*) 


i 
| 
| 


40 30 10-6 4x 10-7 
Total body | 60 2x 10-¢ | 6 x 10-7 


(insol.) | Lung 6 x 10° 
| GI (LLD | | 10- 9 x 10° 


| 


(sol.) | Bone " ¢ 8x x 3 x 10™ 
| GI (LLD 
| Kidney 

Liver 
Total body 


(insol.) | 


(sol.) | GI (LLD 
Liver 
Kidney 
Bone 
Total body 


(insol.) | Lung 
GI (LLD 


GI (LLD 
Liver 
Kidney 
Bone 

Total body 


(insol.) | GI (ULD 
Lung 
(sol.) | GI (LLD 
Bone 
Kidney 
Total body 
Liver 


(insol.) | Lung 
GI (LLD 


(sol.) | GI (LLD | 

Bone 2 3 x 10% 20 10-6 
| Kidney | 100 6 x 10-* | 40 2x 10-* 
| Total body | 200 17 x 10-6 | 50 2x 10-6 


Liver | | 200 | 10-5 | 80 |3~x 10-* 


REPORT OF COMMITTEE TWO 


Radionuclide 
and type 
of decay 


(insol. ) 


Organ of 
reference 


| (critical organ 


bold face) 


GI (LLD 


| Lung 


—- 


| Bone 
| GI (LLD 


| 


(insol. 


| om 


Kidney 
Liver 


Total body 


_ GI(LLD 


sgom!>! (sol.) 


B-, 


| GI(LLD 


Bone 
Kidney 


Liver 


Total body 


) | Lung 


GI enmed 


| GI (LL) | 


| Liver 


Bone 
Kidney 


| Total body 


(insol. ) 


| GICLLD 


Lung 


gghu)5? (9.2 hr) (sol.) 


B, €, ¥ 


GI (LL) 


Liver 


Bone 


Kidney 
Total body 


Sidigaeitienente 


(insol.) 


g3u)5? (13 years) (sol.) 


a 


(insol. ) 
| 


GI (LLD 
UL ung 


GI (LL) 


GULL 


| Maximum 

| permissible 
burden 
in total 


Maximum permissible concentrations 


For 40 hr week | 


For 168 hr week 


(MPC), | 


(uc/cm*) | 


(MPC), | 
re) 


2> 107 


17 x 10-7 | 


x 10- ad 
x 1077 | 
4 10- 10 

10—1° 
\ 10- ai 


7 
4 
4 
4> 
5 


3 x 10-0 


4x 107 | 


5 x 1077 


200 


| 300 


(2x 10% 


2x 10": 
200 
300 
300 

| 500 


(| 2x 108 


| 


x 10-6 || 
10-8 | 


3 x 107 
| 3 x 10-6 


(MPC), | 


(wc/cm®) 


(MPC), 
(uc/cm?*) 


4x10" 8 x 10° 
sx 
2: x 10-2 
i7x 10*|2x 0” 
3 « 10-3 | 10-10 

3 «x 10-3 | 19-10 

4 x 10 *|2 2x 10-10 


l 6 x 10-¢ 


9x 10-4 
7 x 10 | 10” 


4 x 10 8 x 10-7 


9 
9 


9 


5 x 10% 
4x 10° | 7x 107 


10- 6 
2x 10-* 


| 6x 10°) 


10’ 


| |9 x 10-7 


(2x 10? | 5x 107 


0.3 
0.5 
0.6 
1.0 


6 x 10-8 | 
| 


2 x 107° 
4x 10-° 
7 x 107° 


' 8 x 10-* 
0.09 
“ 


2x 10-8 


i|2x 10-3 | 


2x 10-8 5 
4x 10-7 


| 
cc x 10-° 
| 


| 6x 10-° 


8x 10 | 107 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Organ of 
reference 
(critical organ 


bold face) 


Radionuclide 
and type 
of decay 


| 


Maximum 
permissible 
burden 
in total 


body | (MPC) , 


q(uc) 


Maximum permissible concentrations 


For 40 hr week 


For 168 hr week 


(wofem®) 


| (MPO), 
| (uc/cm®) 


(MPC), 


| GI(LLD 

| Kidney 

| Bone 
Total body 

Liver 


(sol.) 


(insol.) Lung 
| GI “= 
‘GI (LL) 
| Kidney 

| Bone 
Total body 
Liver 


(sol. ) 


Lung 
GI (LLD 


(insol. 


GICLLD 
Bone 


Total body 


(sol. ) 


Liver 
Lung 
| GI(LLD 


(insol. ) 


acd" 


B-. y 


) | GIQLLD 
| Bone 
| Liver 
| Total body 
GI (LLD 
| Lung | 


(sol. 


(insol. 


651 b1*° GI (LLD 


B-. y 


las 

| GI (LLD 

GI (ULD 

| Bone 

Total body | 
Liver 


(insol. ) 


(sol. ) 


6 x 10-4 


| 103 


4 x 108 


3 x 10-4 | 


4x 10 


| 3 x 10° 
4x 10-’ 


410 | 107 


3 x 10°° 

1 4x 10-8 

1 | 5 x 10-8 
| 10-° 


| 8 x 10-8 


0.8 


| 


4 x 107°? | 9 x 10” 

400 2 x 10-5 
108 6 x 10-5 
2 x 108 9 x 10-5 


REPORT OF COMMITTEE TWO 


| Maximum | Maximum permissible concentrations 
Organ of permissible, 
Radionuclide reference burden For 40 hr week For 168 hr week 
and type (critical organ | in total | 
of decay ' bold face) body | (MPC), | (MPC), | (MPC), | (MPC), 
q(uc) =| (wc/em*) | (we/em*) || (we/em*) | (uc/cm?) 
ee Oe: ae 
See ee ee : jinn | EE TRS Mis Se 
(insol.) | GI(ULD 001 | 2x 10 4x 10° | 7 x 107 
| Lung | 2x 10-5 } 6 «x 10-6 
esDy 1 (sol.) | GI (LLD | 10-* (2x 107 ! 4x10" | 8x 10° 
B-, y, e | Bone 5 10 | 6 x 10-7 | 4 i2x 
Total body 30 70 3 x 10-6 | 20 10-6 
Liver 30. CO 80 | 4x 10-8 | 30 10-8 
eee 7 x eas ae wid Se. Sere 
(insol.) | GI (LLD | 10" | 2x 107 4x 10 | 7 x 10-8 
| Lung | ox 3- | 30-" 
Sink ” see : en Saracen i = = PEP erie ee NE 
67Hol* (sol.) | GI (LLD 9x 10 2x 10-7 | 3x 10-* | 7 x 10-8 
B-, ye Bone 5 | 40 2 « 10-6 | 10 |6~x 10- 
_ Kidney 20 | 200 7x 10-*| 50 2x 10- 
| Total body 30 _ 200 10-8 80 4x 10-7 
_ Liver 40 | 300 10-5 100 | 4 x 10-8 
$$ _$ $—$____ —_ —_ a | — ——_— EE — | — _ —— 
(insol.) | GI (LL) (9x 10) 2x 10-7 | 3x 10 | 6 x 10° 
Lung | 10-8 | 3x 10-7 
Er’? sol.) | GI (LL) (3x10 6x 107) 9 x 10 | 2 x 107 
B-, y Bone 30 | 30 | 10-6 10 =| 5 x 107 
Total body 50 50 12x 10-* 20 8 «x 10-7 
Kidney 70 | 6 |3x 10-8 20 | 10-8 
Liver 200 =| ~—-200 19% 10-8 70 3» 10-8 
(insol.) | Lung 4x 1077 10-7 
GI (LLD | 3 x 10° | 6 x 10-77 | 9 x 10-* | 2 x 10” 
egEr!?! (sol.) GI (ULI) 3x 10° 7x 10", 10° 2x 107 
B-, y, | Bone 9 300 =| «10-5 90 4» 10-# 
| Kidney 30 | 800 \4x 0 300 | 10-5 
Total body 30 =| «900 4x 10-5 300 10-5 
(insol.) | GI (ULD 3x 10° | 6x 10" 10° | 2x 10° 
Lung | 5 x 1078 | | 2 x 10-* 
a ee nectial seslrnitaceremtlhieiamenineiionsis — eer ae ts 
gg Tm??? sol.) |GI(LLD (108 3x 107 | 5 x 10 | 107 
B-, «6, y, € | Bone 9 § O8 |4x 10-8 0.3 | 10-° 
Kidney 30 | 4 2x 10-7 1 6 x 10-8 
| Total body 60 | 5 2x 10-7 | 2 |7x 10- 
(insol.) | Lung | 3 x 10° | 10-* 
‘GIQLD ‘noe | 2x 10-7 | $x 10-* | 8 x 10 
se a | | ee | | 
oTm™! (sol.) | GI (LLD | 001 == 3x 10% 5x 10 | 10-* 
B- | Bone 90 3 | 10-7 0.9 |'4~x 10° 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| | 
Maximum | Maximum permissible concentrations 


Organ of | pe rmissible| — —\— 

Radionuclide reference | burden For 40 hr week For 168 hr week 
and type (critical organ | _ in total - — — 

of decay | boldface) |§ body (MPC), (MPC), (MPC) ‘ (MPC ). 


q(uc) =| (e/ faa? | (uc/cm$) (uc/em$) | (echenti® 


Kidney 700 20 


| 
| 
Total body 700 re 20 


(insol. 
| GI (LLD 


| GI(LLD J 3. : 
| Bone 30 
| Kidney 30 
Total body 100 | 
(insol.) | GI (LLD 
Lung 
GI (LLD 
Bone 
Total body 
Kidney 
(insol. GI (LLD 
| “a 
sol.) | GILL (2x 14x 10-7 | 7x 10-* | 
| Spleen k 4x 10-° 
Liver 
Total body 
| Kidney 


Bone 


(insol. ) Lung 
| GI(LLD 
sol.) | GILD (3x 107 4x 10-7 | 
_ Liver é (4x 0.3 
| Kidney 2 18x 10-* || 0.7 
| Total body . 19x 10-* | 0.7 
Spleen 
| Bone 
(insol. ) | Lung Ez 
| GI (LLD ee 7) 4x 10% 


‘we ) | Gl (LLD) | x 2x 10° 4> x 10-3 8 x 10°’ 
Liver 7 6 (it |] 68S 8 x 10-* 
Total body f 3 x 10> 0. 3 | 10-5 
Bone | ZX 


70 


REPORT OF COMMITTEE TWO 


| Maximum Maximum permissible concentrations 
Organ of | permissible] ———_—_—_ —_ 
Radionuclide reference burden For 40 hr week For 168 hr week 
and type | (critical organ | in total —— |— 

of decay bold face) body | (MPC), | (MPC), | (MPC), | (MPC), 
| q(uc) (uc/em*) | (we/em*) | (wc/em*) | (uc/cm?) 
(insol.) Lung | 10? 4x 10° 
GI (LLD 0.01 2 x 10-* | 3 x 10°* | 6 x 10°’ 
“Ww sol.) | GE (LLD 4x10°|8 x 10" 10° 3x 107 
B- Bone 30 0.3 10-6 0.09 3 x 10-¢ 
Liver 40 0.4 2 10-5 0.1 5 x 107% 
Total body 100 l 5 x 10-5 0.5 | 2x lo 
(insol.) Lung 10-7 (4x 10° 
GI (LLD 3x 10° | 6x 10", 10° | 2 x 10-7 
24 WV? (sol.) GI (LLD 2x 10*'4x 10" 7x 10*|2x 10” 
B-, Total body | 30 0.5 }2x 10%] 02 7 x 10-* 
Liver | 30, | =—(0.6 | 2x 10-5 0.2 8 x 10-* 

Bone | 60 l | 4x 10-5 0.4 10-6 

(insol.) GI (LLD | 2x 10° |3 x 10-7 | 6 x 10-* | 10-7 
Lung | 2 10-* | 6 x 1077 

»;Re'8 (sol.) GI (LLD | | 002 | 4x 10°!) 6x 10 | 10-6 
6 Total body 80 | «002 | 3x 10% 8 x 10°) 9 x 107 
Thyroid 300 | = =0.09 | 10-5 0.03 3 x 10-* 
Liver 800 | 0.2 3x10 008 | 8x 10- 
Skin 4x 108 mek x. 0.4 4x 10-5 
Bone ? 104 | 6 6 10-4 | 2 2x 10-* 
(insol.) | Lung | (2x 1077 5x 107 
GI (LLD '8 x 10° | 10-* | 3x 10° | 5 x 107? 
_sRes* (sol.) | GI@LD 3x 10% | 6x 107 | 9x 10 | 2 x 1077 
By Thyroid 20 0.01 | 2x 10-* | 5 x 10-3 | 5 x 1077 
Skin 30 0.02 |2x 10-* | 7x 10-8} 8 x 1077 

Total body 50 0.04 4x10*/] 0.01 ing 
| Liver 300 0.2 3 x 10-5 0.08 9 x 10-6 
Bone 800 | 0.6 7 x 10-5 0.2 2 x 10-5 
(insol.) | GILL (10? | 2x 107 5 x 10 | 8 x 10 
Lung 5 x 10-7 | 2x 107 

oe ———————SS eee eee, (eee SS SS! 

Rel? (sol.) | GI (LL 0.07 (2x 10° 0.03 | 6x 10° 
B Skin | 300 0.08 |9x10* 003 |3x 10 
Thyroid 900 | 0.2 |3x 10-5 | 0.08 9 x 10-* 
Total body 2x 108 0.4 5x 10-5 || 0.2 2 x 10-5 
Liver 6 « 108 2 2x 10-4 0.5 6 x 10-5 
Bone | 4x 104 9 10-8 3 4x 10-4 
(insol.) | Lung | 15x 107 2 x 1077 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| | 

| Maximum | Maximum permissible concentrations 
| permissible, ——— 
burden For 40 hr week 
in total 


Organ of 


| 
Radionuclide | reference For 168 hr week 
| 


and type 
of decay 


(critical organ | 
bold face) (MPC), 


| (neler) 


(MPC), 
(uc/cm?*) 


(MPC) 


GI (LLD | 2x 10-* 

GI (LL) 
_ Thyroid x 10-7 
| Skin 2 08 | 5 x & 2 x 10-* 
| Total body 2x o- 
| Liver | 200 | 5 | § “4 ‘ x 10-5 
| Bone 


10-7 


| GI(LLD 9x10 2 x 10-7 
| 10-8 


Lung | 


(2% 10 | 5x 1077 
0.04 | 10-6 


GI (LLD 
Kidney 


(insol. ) 


(sol.) 


(insol. 


(sol. ) 


(insol. 


(sol. ) 


(insol. ) 


(sol.) 


Total body 


| Liver 


Lung 


_ GI(LLD 


| GIG@LD 


Kidney 


| Total body 


| GI(LLD 
| Kidney 

| Total body 
Liver 


Liver 


Lung 
GI (LLD 


Lung 
GI (LLD 


GI (LLD 


| Kidney 


Total body 


Liver 


GI (LLD 


| Lung 


| en 


Liver 
Kidney 


0.2 


100 
100 


x 10 | 8 x 1077 | 


>x 10-8 | 


’ 7 x 10 | 107 


o xX 


2x 10- | 4x 1077 


0.1 
0.6 
0.9 


0.04 


4x 10-6 | 


So oa 
13x 10-5 


< 10-8 
< 10-8 


0.03 


0.8 


9 


4 


| 3 «x 10-* 


|: x 10° 


6 Xx 10-* 
3 x 10-5 
8 x 10-5 


| 2x 10-4 


3 x 10 
4x 10° 


4x 10” 
10-8 
| 8 x 10-6 
9 «x 10-6 
10-7 
3 x 1077 


0.02 
0.02 
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| Maximum Maximum permissible concentrations 
Organ of _ permissible — 
Radionuclide reference | burden For 40 hr week | For 168 hr week 
and type (critical organ | _ in total ~a 
of decay bold face) | body (MPC),, | (MPC), || (MPC), | (MPC), 
| q(uc) (uc/em®) | (uc/em*) | (uc/em*) | (uc/em?) 
Spleen | 40 0.05 |2« 10-6) 002 |6x 107 
Total body | 50 =| (0.06 2x 10-* 0.02 8 x 10-7 
insol.) | Lung | 4x 107 | 10-7 
GI (LLD 5x 10° | 9 x 10-7 | 2 x 10° | 3 x 1077 
_ — eee —— = matgeeene ——EE 
7Ir!9? (sol.) | GI (LLD 10-° 13x 107 4x 10 | 9x 107 
By Kidney 6 4x 10°* | 107 10-* | 4x 10° 
Spleen 7 4x 10° | 10° 10-* | 5 x 10-8 
| Liver 8 5 x 10-3 | 2 x 10-* || 2 x 10-* | 6 x 
| ‘Total body 20 0.01 4x 10-7 || 4 x 10-3 | 10-7 
insol.) | Lung | | (3x 10°° |9 x 10° 
GI (LLD | 10° | 2 10-7 4x 10" | 6 x 10°% 
aaenis a Bs te q See ae es: 
| 
_Irt* (sol.) | GE (LLD) 10 | 2x 107) 3x 10-*| 8 x 10-* 
B- Kidney 7 0.08 |3.x 10-6 0.03 | 10-8 
Liver 8 0.09 3 10-6 0.03 | 10-8 
Spleen 8 0.09 | 4 x 10-* 0.03 10-* 
Total body 20 | 0.3 10-5 0.1 4x 10-6 
(insol.) GIQLLD | |9x 10 | 2x 10-7 | 3x 10-* | 5 x 10° 
Lung | | 10-8 4x 
qeht?®! (sol.) | GI (LLD | 4x 10° |8x 10" 10° 3 x 107 
€, Kidney 10 0.04 10-6 0.01 5 x 10- 
| Total body | 30 =|) OO | 4x 10-6 0.03 10-6 
Liver 30 0.1 | 4x 10-4 0.04 | 2x 10-* 
| Spleen | 70 | O2 | 8 x 10-8 0.08 | 3 x 10-8 
(insol.) GI (LL) | 3x 10° | 6 x 10-7) 10° (2x 1077 
Lung | 8 x 10-7 | 3x 
we (sol.) | GI (LLD | 003 | 7x 10°, 0.01 2x 10° 
ey | Kidney 100 r 63 | 10-5 0.1 4x 10-6 
| Total body | 300 | O8 3x 10-5 0.3 | 10-8 
| Liver 300, | 1 |4x 10] 03 10-8 
Spleen 600 2 | 7 10-° 0.7 2x 10-5 
a ee: — 2. ee See ee 
(insol.) | GI (LLD | | 0.03 | 5 x 108 | 001 | 2x 10+ 
Lung 7 x 10-* 2 x 10-* 
rsPt192 (sol.) | Kidney 70 0.03 10* | 9x 10) 4x 1077 
€ GI (LLI | 0.05 10-6 0.02 4x 10-* 
Spleen 500 || «60.20 | 6 10- | 006) 2 x 10-4 
Total body 500 0.2 16x 10-8 0.06 2 x 10-* 
Liver 600 | O02 |9~x 10-* 0.09 3 x 10-* 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| Maximum | Maximum permissible concentrations 
Gyad =|) eS, 
Radionuclide | reference | burden | For 40 hr week For 168 hr week 
and type (critical organ | in total -——_————_ $$ ——_—__—— 
of decay bold face) body | (MPC), | (MPC), | (MPC), | (MPC), 


| | g(pc) | (wc/em*) | (uc/cm*) (ue/em§ (uc/cm*) 


(insol.) | Lung x , 107° 
GI (LLD i x ‘ i3sx ee 
GI (ULD | x 2 x 10-* 
Kidney : 3 > 5 b 10-5 
Liver < 14x 10-5 
Spleen : - oe : 7 << Tes 
Total body } > - 7 10-8 


insol.) | GI (ULD 03 x . x x 10-* 


Lung 10-6 
GI (LL) 

Kidney 

Liver 

Spleen 

Total body 


(insol. GI (LLD 
Lung 


GI (LLD 5 x 10° 
Total body 0.07 
Kidney 0.09 
Spleen 7 0.3 
Liver , 0.3 


insol. Lung 
GI (LLD 


GI (LLD 
Kidney 
Total body 
| Spleen 
Liver 


insol. GI (LLD 
Lung 


GI (LLD 
Kidney 

Total body 
| Spleen 

Liver 


insol.) | GI (LLD 


Lung 


REPORT OF COMMITTEE TWO 
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| Maximum Maximum permissible concentrations 
Organ of | permissible) ———---- | — 
Radionuclide reference burden For 40 hr week For 168, hr week 
and type (critical organ in total pina? | =e 
of decay bold face) | body (MPC),, | (MPC), | (MPC), | (MPC), 
| g(we) =| (uc/em*) | (ue/cem?) (uc/cm) (uc/cm) 
sol g!**™ (sol.) | Kidney 4 |6x10"° 7x10? 2x 10% 3x 107 
ane GI(LLI) | 0.02 | 410-6 | 7% 10-8) 10-8 
Spleen 40 | 0.05 | 7 x 10-* 0.02 | 2x 10-* 
Liver 50 | = 0.07 ; 9x 10 $ 0.02 | 3 x 10-* 
Total body | 70 | 0.09 | 10-5 | 003 | 4x 10-* 
(insol.) | GI (LLD 5§x10° 8x 107 2x 10% 3x 10% 
Lung 4 10-* | 10-6 
! 
otin** (sol.) | Kidney 200 |9x 10" 10° 3x 10° 4x 10° 
€, Y; & GI (LLI 0.06 } 10-5 0.02 | 4 x 10-6 
Spleen 200 | 0.08 10-5 0.03 4x 10-8 
Liver 200 | O01 10-8 0.03 | 4x 10-8 
Total body 200 i (1 9 10-5 0.04 15 x 10-* 
| 
(insol.) | GI(LLD 0.01 3x 10° 5x 10° | 9x 107 
Lung 5 10-8 | zk ee 
gotig*** (sol.) | Kidney 4 |5x 10°* | 7 x 10°° | 2x Bi 2x 
B-. y, ¢ Spleen 40 l6 K 10° | Sx WO" Pex ws x ae 
Liver 40 |7x 10°-*| 9 107? | 2x 10° 13x 
Total body 80 0.01 2 10-* || 4 x 10-3 | 5 x 1077 
| GI (LLI | 0.01 3x 10-* | 4 x 10-3 | 10-* 
insol.) Lung 10°’ 4x 10° 
GI (LLD |3x 10* 6x 10 10° 2 x 10-7 
Pri Yad sol.) | GI (LLD 0.01 3x 10° 4x 10° | 9x 107 
6, ¥ | Kidney 40 0.08 ax 0.03 | 3 x 10-* 
Total body 50 mt 10-5 0.04 14x 10-6 
| Muscle 100 | 0.3 3x 10-5 0.09 19 10-6 
Liver 200 | 0.4 5x15) 02 2 x 10-5 
| Lung 800 2 2 10-4 0.6 6x 0 
| Bone 103 wae 2x 1+} 08 | 9x 10- 
| | 
insol. | GI (LLD 7x10°* 10° 2x 10° | 4x 107 
Lung 4x 10-6 | 10-6 
aT"! (sol.) | GI (LLD 19x 10° 2% 10%) 3x 10°) 7x 10-7 
€, ¥; € Kidney 40 0.04 ox 0- 0.02 2xw 
| Total body 100 0.1 10-6 0.04 4x 10-6 
| Muscle 300 | 0.3 3x b- 0.1 10-5 
Liver 300 0.3 3x 10% | 0.1 10-5 
Bone 400 | 0.4 sx it 0.2 2 x 10-5 
Lung 108 l 10-4 0.4 | 4 x 10-° 
(insol.) GI (LLD) (5x 10° 9x 107 2x 10° 3x 107 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| 
| Maximum Maximum permissible concentrations 
Organ of permissible —|\— 

Radionuclide reference | burden For 40 hr week For 168 hr week 
and type | (critical organ | in total -— 
of decay | bold face) body (MPC), | (MPC), |i (MPC), | (MPC), 

(uc/em?) | (ue/em*) | (wc/em*) | (uc/cm*) 


7 x 107’ 


3/8 x 10” 3 x 107 
Kidney | 0.01 | 10-6 | 3x 10-3 | 4 x 1077 
Total body é | 0.03 Lox 30% : | 0-* 
| Muscle } 0.07 7 x 10-8 | 
Liver | 0.08 8 x 10 0.03 
Bone 2 0.1 | 10% 0.03 


Lung 0.3 | 3 x 0.09 


(insol. Lung 
GI (LLD 2 x 10°3 | 


a. 4 GI (LLD 3 x 10° 

B Kidney | 6 x 10° | 
Total body | = .03 rs 
Bone 0.04 
Liver | 0.06 
Muscle 0.07 
Lung 0.2 


(insol.) | Lung 
GI (LLD 
ern? .  GICLD 
6, Kidney 
Total body 
Liver 
| Bone 


(insol. | GI (LLDID 
Lung 


gsPb2?° (sol.) | Kidney ' 4x 10 
a, B-, y | Total body | 10-° /4x 107 
| Bone : 2 x 10-10|| 2 x 10-* | 7 x 107" 
| Liver ’ 4x 10-79 5 x 10-8 | 10710 

| GI (LLI) x | 10-* | 2x 10-3 | 4 x 107? 


| oa ee et a 


(insol.) | Lung 2 x 10°" 
GI (LLD | 19x 10-7 || 2 x 


— } = 


| 
i “tee | 
goPb2!2 (sol.) | Kidney | /2 x 10-8 10-* | 6 x 10-° 
a, B-. y, € GI CLD 0-7 10-* | 4 x 10-° 
Bone x 10-8 || 10-4 | 3 x 10-8 
Liver x 10-7 || 2 x 10-3 | 6 x 10-8 
Total body x 10-" < 10-3 | 6 x 107% 


76 REPORT OF COMMITTEE TWO 


| Maximum | Maximum permissible concentrations 
Organ of permissible| ———_——-_—— $$ ______—__—_—_——- 
Radionuclide reference | burden For 40 hr week For 168 hr week 
and type (critical organ | in total ——-—-——,— REE ReGen 
of decay bold face ) body | (MPC), (MPC), (MPC), | (MPC), 
q(uc) (uc/cm?$ (uc /cm3 (wc/em*) | (we/em$) 
(insol.) | Lung 2x 10° 7x 10° 
GI (LLD §x 107? 9x 10% |} 2x10 3x 10° 
993i 2° (sol. GI (LLD 10° 2x 10° 4x 107% 8 x 10° 
€, Y Kidney ] 0.04 2x 10° 0.02 6 x 10°° 
Liver 7 0.2 10-8 0.08 4x 10-7 
Total body 10 | O44 2 <i" 0.1 ox 
Spleen 20 0.5 22s a 0.2 | 8 x 10-7 
Bone 300 | 10 4x 10-5 | 3 | 10-5 
(insol.) | Lung 10°’ 5 x 10° 
GI (LLD 10° 2x 10-7 | 4x 10-* | 7 x 10° 
gg Bi?” (sol.) GI (LLD 2x 10° 4x 107 6x10" 107% 
€,) Kidney 2 ' 0.04 2x 10° 0.02 6 x 10°° 
Liver 7 = 6 x 10-7 0.05 2 10-7 
Spleen 20 | 0.4 a x. 10-° 0.1 | 5 10"? 
Total body 20 0.4 2x 0.1 5 10-7 
Bone | 300 | 6 2x 10-5 9 ‘Sy 10-8 
(insol.) | Lung 10-° 5 x 10° 
GI (LLD 2x 10° | 3x 107° | 6 x 10°‘ | 10°’ 
ggBi2!° sol.) GI(LLD 10-° 3x 107 4x10" 9x 10° 
a, B Kidney 0.04 2x 10*'6x 10° 5x 10*| 2x 10° 
Liver 0.5 0.02 8 x 107% 6 10-* | 3 x 
Spleen | 0.6 0.02 10-7 8 x 10-3 | 3 x 10-8 
Total body | 20 0.07 3 10-7 0.03 | 10-7 
Bone 6 ) 02 10-6 0.08 1 3 10-7 
(insol.) Lung 6 x 10° 2x 10° 
GI (LLD 10° 2x 107° | 4x 10* | 7 x 10° 
_jBi2!2 (sol.) | GI(S) 0.01 2x 10% 4x 10° | 8 x 1077 
a, B. 4 | Kidney 0.01 0.02 1077 8 x 10° | 3 x 10-8 
| Liver 0.1 0.3 10-* 0.09 | 4x 10-7 
| Spleen | 0.2 | O44 10-6 0.1 15 x 10-7 
Total body | 0.2 | 0.5 | 2x 10-6 0.2 8 x 10-7 
Bone | 0.9 2 8x 10-* | 0.7 3 x 10-8 
(insol.) | Lung 2x 10° 7x 10% 
_ GI(S) 0.01 2x 10° 4x 10° | 6x 107° 
ggFo*?* (sol.) Spleen _ 0.03 2x 10° | 5 x 10°'*| 7 x 10°* | 2 x 10-"° 
a Kidney | 0.04 2x 10° | 5x 10°", 8 x 10°* | 2 x 190-0 
_ Liver 0.1 sx wer? 10-* | 3 x 10-5 | 6 x 10-18 
| Total body 0.4 12x 10-* 15 10-* || 8 x 10-5 | 2 x 10-9 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| 
Maximum Maximum permissible concentrations 
Organ of permissible | 
Radionuclide | reference burden For 40 hr week || For 168 hr week 
and type | (critical organ | in total | | 
of decay | bold face) 


(MPC), | (MPC), | (MPC), | (MPC), 
hus 


| (wc/em’) | (uc/cm*) | (uc/ _—s (uc/cm$) 


| Bone | 0. | 3x 10-* | 7 x 10-* | 10-4 2x 10-9 
GI (LLI | 9x 10-* | 2 x 10-7 | 3 x 10-* | 7 x 10-* 


(insol.) | Lung Ba 10 

GI satel < 10> ; 3 x 10° | 

Thyroid * x ‘ x 2x 10° 

Ovary : x 2x 10° 
Spleen 06 2» |3~x 6 x 10-5 | 9 x 
Total body ’ 3 x 10-4 | 4 x 10-8 
GI (S) 7 x 10-3 | 2 x 10-6 


(insol. Lene x a 10-* 
GI ined < : x 7) 7x 10 | 107 


Lae _ 10° 


Lung x | 10-8 


Bone 0.05 2x 10% | 2x | 7: 6x 10-” 
Total body 0.07 4x 107-5 | 3> 5 | 10-9 
GI va LI) a x | 6 x 10° 10-8 
(insol. ) ae x | x 10-4 
GI (LLD : ; 
Bone . 7 x £10" . | 
Total body K (9x 10-5 8: x 10-9 || § 
I (LLI) | 2x 10-4 | 5x 1078 
a eee: eee i 
(insol. ) |7 x 10-°| 
GI (LLDID 8 2: 3 x 10°8 
- Bone ’ ¢ 3x 10" . to 
Total body ». +x 5 x 10-1! || 2 x 10-7 | 2 x 107" 
| GI (LLI) | ; 3 x 10-7 > x 10-4 | 10-7 


GI (LLD (9% 10-4 2% 10-7 | 3x 10 | 6 x 10° 


0.06 8x 107 | 7x 10™ | 3 x 10-7 2 x 10-4 
Total body 0.09 | 10-8 | 9x 10-*|| 4 x 10-7 | 3 x 107"! 
GI (LLI) | 10-8 | 2x 10-7 | 4 x 10-4 | 8 x 10-8 

* The daughter elements of Rn??° and Rn??? are assumed present to the extent they occur in unfiltered air. 
For all other isotopes the daughter elements are not considered as part of the intake and if present they 
must be considered on the basis of the rules for mixtures. (See Section IV.6, p. 23.) 


REPORT OF COMMITTEE TWO 


Maximum Maximum permissible concentrations 
| permissible 
burden 
in total 


body 


Organ of 
reference 
(critical organ 


bold face) 


For 168 hr week 


Radionuclide | 
and type 
of decay | 


(MPC), | (MPC), (MPC), | (MPC), 


oo lh 


a, y 


(insol. ) 


(sol. 


insol. 


insol. 


(sol. ) 


(insol. ) 


(sol. ) 


230 


(insol.) 


Total body 
Liver 
Kidney 

GI (LLI) 
Lung 

GI (LLD 
GI (ULD 
Bone 
Liver 


Total body 
Kidney 


Lung 

GI siataied 
GI (LLD 
Bone 
Kidney 


| ‘Total body 
Liver 


Lung 
| GI(LLD 
Bone 

| GI (LLI) 

| Kidney 
Total body 


| Kidney 
| Total body 
| Liver 


| GI (LLI) 


(wc/cm*) 


For 40 hr week | 
| 
| 


0.02 
0.08 
0.1 


<5 
|} 4 xX 


4x 10 | 


5 x 10° 
10-4 
| 3 x 10-4 
| 5 x 10-4 


| (se Icm}) 


3x 10° | 


10" | 


x 10-° 
x 1077 


‘ 10-8 
x 10-5 


; 2x 10-8 
4x 10-7 


10-7 
x 10-° 


9 x 10°* | 


(uc/cm?) 


(uc/cm’*) 


190-4 
4x 10° 


6 
| 8 x 


2x 10° 
x 10-5 
10-5 
2 x 10-* 


3 x 10°? | 


9x 10° | 


0.5 
0.6 


9x 10 


2 x 10-4 


3 x 10-3 
0.01 
0.02 
0.08 


8 x 107° 
ax Io 
3 x 10-12 


19x 10-12 
| 3 x 10-3 | 


7 x 10-7 


9 x 10-" 


2x 10-4 3 x 10° 


|9 x 10°" 

< 10-8 | 
5 x 10711 
5 x 107-11] 
3 x 1071°) 


6 x 10" 


| 2x 10-*| 
x 10-12) 
x 10- n| 

. 10> "my 2 
x 10-7 | 


7x roar 3 x 10-2 


10-4 

4x 10-4 
4 x 10-4 
2 x 10-8 


3 x 10-* 
2x 10-11 
2x 10-11 
10-10 


10-* 


2 x 10°” 
2 x 10° 


2x 10° 
3 x 10-5 
10-4 

2 x 10-4 
3 x 10-4 


8 x 10-* 
2x 10-13 
x 10-12 


_ Lung 
| GI (LLD 


190-4! 
2 x 1077 | 


3 x 10-4 


3 x 10-* 
6 x 10-* 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


| Maximum | Maximum permissible concentrations 
| permissible ] 


burden For 40 hr week } 
in total 


Organ of 
reference 
| (critical organ 


Radionuclide For 168 hr week 


| 
and type 


of decay 


goth 231 


a, By y 
U ; 


(insol. 


(insol. 


insol. 


wth-Nat * 
a, B, ¥, 4 


(insol. ) 


917 a**° (so!.) 


a, B16 ¥ 


| Liver 


| Kidney 


bold face) body 


GI (LLD 
Bone 
Kidney 
Total body 


30 
40 
100 
300 


GI (LLD 
Lung 

Bone 
Kidney 
Total body 


| Liver 


GI (LLI 
Lung 

GI (LLD 
GI (LLD 

Bone 


' Kidney 


| Total body 


Liver 


Lung 


| GI(LLD 


_ Bone 
| Kidney 


Total body 
GI (LLI) 
Liver 

Lung 

GI (LLD 
GI (LLD 

Bone 0.07 


0.2 


Total body 0.3 


| 0.2 


(MPC), 


| (MPC), | 
(uc/cm?) 


(uc/cem?) | 


10-6 
300 | 10-6 
900 4 > 
© 108 10-4 


10-5 


2 x 10-12* 
| > xX 10-12 
10-11 


3 10-11) 


2x 10-7 


10 lL 
ee. 


— 


24 x 10-5 | 
he ee 
} 


n& 


x 
0.04 
0.1 


at 


a2aunn | 


"4 


(MPC), 


(uc/cm?) 


| (MPC), 
(uc/cm) 


5 x 10’ 
4 x 10-6 
5 x 10-8 
10-5 

3 x 10-5 


2 x 10° 
80 
100 
300 


4x 10” 
| 2x 10-6 


x 10° 17 « 10-8* 
| < 10-5 
x 10-5 
~< 10-4 | 
10-4 


‘ 10+ | 


2x 10° | 


4x 10-° 


6 x 10-8 
| 2x 10-12 
3 x 10-12 
2x 10-* 


10° 


10-4 
| 2x 10-4 


0.04 
0.06 


* Provisional values for Th**? and ‘Th-nat. Although calculations and animal experiments suggest that Th-nat, 
if injected intravenously, is perhaps as hazardous as Pu and indicate the values listed above, experience to 
date has suggested that in industrial circumstances the hazard of Th-nat is not much greater than that of 
U-nat. Therefore, pending further investigation the values (MPC), = 3 « 10-™ yc/cm? for the 40-hour week 
and (MPC),=10-" yc/cm* for continuous occupational exposure (168 hr/wk) are recommended as provisional 
levels, permissible for exposure to inhaled Th-nat or Th***. However, the values given in Table / are listed to 
indicate the possibility that further evidence may require lower values and to urge especially that exposure 
levels for these radionuclides be kept as low as is operationally possible. It may be possible to show that similar 
considerations apply to other inhaled long-lived thorium isotopes under conditions in which the physical 
characteristics of the airborne particulates are much the same as in the case of Th-nat, and where there is a 
large amount of airborne material serving as an effective carrier for the thorium. 


REPORT OF COMMITTEE TWO 


Radionuclide 
and type 
of decay 


(insol. ) 


| 


| 


| 
| 


Maximum 
permissible 
burden 
in total 
body 

q(uc) 


Organ of 
reference 
(critical organ | 


bold face) 


| 
| 


| GI(LLD 


) | Bone 


insol. 


ins¢ yl. 


(insol. 


insol. 


(sol. ) 


(insol. 


Kidney 
Total body 
Liver 


GI (LLI) 


0.06 
0.1 
0.3 


Lung 

GI (LLD 
GI (LLD 
Kidney 


Bone 


| Total body 


Liver 


| Total body 


Lung 
GI (LLD 


GI (LLD 
Kidney 
Total body 
sone 


0.01 
0.06 


Lung 
GI (LLD 


GI (LLD 
Bone 
Total body 


Kidney 


Lung 
GI (LLD 


GI (LLD 
Bone 
Kidney 
Total body 


0.05 
0.08 
0.4 | 


Lung 


| 9 x 10-4 


9 x 10-* | 2 x 10°’ 


0.05 
0.08 


Kidney 
ae 


Maximum permissible concentrations 


For 40 hr week 


\ 


For 168 hr week 


17x 10-5 | 3> 


10-3 | 


i 


(MPC). | (MPC), | 


(MPC), | (MPC), 


(uc/cm?) | (ue/em?) | 


| 


7x 10° | 10-* 


3x 10-5 | 10-” 


10 12 
10-4 5 x 10-12 
4x 30-* ) 2 » 

8 x 10-4 | 2 10-7 
10-° 
1077 


8 x 1077 
6 x 10-7 
Sx 0 
9 x 10-7 
2x 10-6 


2x 10° 
6 x 107’ 


0.04 
ar 
2 x 107° 


0.01 
0.03 
0.04 


| 6x 10-° 
| 10-9 
12» 


| 8x 107°) 
| 2x 10° | 4x 107 


10-9 | 


3 x 19-" 


4x 10-* 
10-22 


10 11 


190-"" 
5 x 10719 


6 x 10~—1° 


4x 10-1 
0.01 «| 6x 10-1 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Radionuclide 
and type 


| Organ of 
reference 
| (critical organ 


of decay 


(insol.) | 


(sol.) | GI (LLD 
Kidney 
Bone 

Total body 


! 


Lung 
| GI(LLD 


(insol.' 


) | GICLLD 
| Bone 
| Kidney 
Total body 
| Lung 

GI (LLD 


(insol.’ 


sol.) | GI (LLD 
Kidney 

| Bone 

| Total body 


Lung 
GI (LLD 


insol. 


GI (LLD 
Kidney 
Bone 


| Total body 


92U—Natural (sol. 


a, B-,y, € 


Lung 
| GI (LLD 


(insol. 


) | Bone 
Kidney 
| Total body 
| Liver 


| GI (LLI) 


| GI(LLD 
| Bone 


| Kidney 


Maximum 


Maximum permissible concentrations 


permissible 
burden 


For 40 hr week 


| 


in total 


)w | (MPC), | (MPC), 
(uc/em*) | (we/em*) || (uc/em?) 


i] 


19-1° 
2x 10-7 | 3 x 10-* 


0,06 
0.08 
0.4 


— —}|— 


3 x 10 | 
2x 10-° 


x 10-7 | 4 


x 10° | 
x 1073 | 


0.01 
0.01 


| 7x 10-7 
3 x 10-19] : 
18 x 10-19 
| 6x 10-4 
| 8 x 10-% 


4x 10°" 


200 


6 x 10-% 


2 x 107° 


Gx Ie-* 


7 x 10° 
| 2 x 10-1 
4 10-10 

10 -10 


(4x 10 


REPORT OF COMMITTEE TWO 


Maximum | Maximum permissible concentrations 
permissible — i 
burden For 40 hr week 
in total 
body 


q(pec 


Organ of 
reference 
| (critical organ 


bold face) 


Radionuclide 
and type 
of decay 


For 168 hr week 


(MPC) , 


(uc/cm?) 


(MPC), | (MPC), 
(uc/cm) | (uc/cm*) 


(MPC), 
(uc/cm®) 


300 | 10-8 
500 | 2x 10-8 


Total body 
Liver 


4x 107% 
8 x 10-8 


90 
200 


70 
100 


(insol. ) 


(insol. ) 


»,, 239 
g4Pu 


y 
a, 4 


(insol. 


»,, 240 
oru™ 


a, y 
/ 


insol. 


»,,241 
o4Pu 
a, PB, y 


insol. ) 


| GI(LLD 
| Lung 


Bone 


| Liver 


Kidney 
GI (LLI) 
Total body 


| Lung 
| GI(LLD 


| | Bone 


Liver 


Kidney 


| GI (LLI 


| Total body 


Lung 
GI (LLD 
| Bone 
Liver 
| Kidney 
| GI (LLI 


Total body 


Lung 
GI (LLD 


Bone 
Kidney 
GI (LLI) 

| Total body 
Liver 


Lung 
_ GI(LLD 


Kidney 
| GI (LLI) 
| ‘Total body 


19x 10-12 


7x 10° 


2x 10-6 


2x 10°" 


18 ™« 10-2 
| 10 11 


2% 1077 


10 11 


3x 10°"! 


| 10-7 


2 x 10°? | 


| 
| 
} 


7x 10-2 


10 3 


2% Wh 6 


4x 10 


(2 10-2 | 
+x 10-4 


it 


2 x 10°}? || 


7 x 10-13] 
10-2 | 
10-7 | 


7 x 10-33 
10-11 
2x 
10-1! 


10-11 ! 


Bt } < 


UM | & 


OS wht 


0.01 
0.01 
0.02 
0.03 


0.01 


7x 10° 
3 x 107-1 
4x 10-12 
6 x 10-8 


6 x 10° 
2 x 10-12 
3 x 10-% 
6 x 1075 
5 x 107} 
10-4 
| 5 x 10-° 
(3x 10 
ye Be 
13x 10-* 
| 3 x= 107-1° 


5 x 10° 
2 x 10-* 
3 x 10-4 
| 3 x 10-4 
|| 4 x 10-4 


6 x 10-* 
3 x 10-!2 
3 x 10-18 
7x 
5 x 10-18 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Radionuclide 
and type 
of decay 


(insol.) 


Organ of 
reference 
(critical organ 


bold face) 


954m 4? (sol.) 


a, 7 


| Total body 


hes 


(insol. 


Am243 
osAm 


a, B-, y 


GI (LLI) 


Lung 


| Total body 


(insol. ) 


GI (LLI) 


Py 
| GI(LLD 


rer | 


| 


(insol. ) 


gem 743 (sol.) | 


a, y 


GI (LLD 
Liver 
Bone 


| Kidney 
| Total body 


Total body 
GI (LLI) 


Maximum | 


permissible, 
burden 
in total 


9x 10 2x 10- =| 


0.05 
0.09 
0.2 


(insol.) 


Lung 
GI (LLD 


Maximum permissible concentrations 


| 
For 40 hr week | For 168 hr week 


s 


(MPC),, 
(uc/cm?) 


(MPC), 
| (uclem’) 


(MPC) , 


(uc/cm*) 


3 x 10 


(MPC), 


| (uclem? 


x 10- 12 
x 10-” | 
9 x 10-13 
2x 107-11 
2 x 10° 


6x 
| 6 

- 10-4 
14x 10-4 
10-4 


10- 
| 10-" 
| 6 x 
6x 10°" 
9 x 107-12 
2% 1-% 


10-* 
. 10-4 | 
10-4 
3x 10-* | 2 
| 19-1° 
8 x 10-* | lu” 
x 10-* | 2 x 107’ 
x 10-* | 10> 
1O-* | 2x 10° 
10-3 | 4 x 


6x 10- a 
10-11 
10-11 


ee 


10-2 | 4 


10 10 | 


4 x 10-5 
5 x 10° 
| 7x 10-5 
| 10-4 
| 3x 10-* 


| 3x 10-4 
4x 10° 
5 x 10° 
| 7 x 10-5 


< 10-7 | : 


2x 10°" 
2 x 10°" 
10-12 
x 10-12 

10-5 


Y 
AN 


3 
5 
6 


4x 10-4 
5 x 10-* 
| ee ae 12 
2x 10 
3 x 10-12 


3x 10-*| 


2% 10-4 | 


9 x 107 
| 2x 10-3 
3 x 10-3 


15x 10-* 


$x 10-# 
10 -10 
2 x 10-10 


—_|——_—_——— 


190-2 


x 10-8 


2x Do al 2x i" 


Zz x 10-" 


7 | 2x 10-4 


10-2 
10-12 
10-12 
10-12 
10-8 


ankt ON 


x 
x 
x 
x 
x 


| 2x 107 


10-2 
10-* 


> w 


244 
96m 


a,y 


(sol.) 


Bone 
Liver 
Kidney 
Total body 
GI (LLI) 


| 9x 10°” 
10-11 

2x 10-11 
3 x 10-11) 


2 x 107’ 


7x 10° 
9 x 10-5 
10-4 

2x 10-4 


3 x 10-4 


10-2 
10-12 
10-12 
10-12 
10-8 


Lung 
GI (LL) 


190-1 


10-7 


! 
| 
| 
HI 
] 


3 x 10" 


| 3 x 10-4 


5 x 10-° 


REPORT OF COMMITTEE TWO 


Radionuclide 
and type 
of decay 


insol. 


‘m 246 
gsm 


a 


(insol. 


Bk! 
a, By y 


(insol. ) 


(insol. 


(insol. 


Spontaneous 
Fission 


(sol.) 


Organ of 
reference 
(critical organ 


bold face) 


| Total body 
GI (LLI) 
Lung 
GI (LLD 
Bone 
Liver 

| Kidney 

| ‘Total body 


GI (LLD 
GI (LLD 
Bone 

| Total body 


GI (LLI 


Bone 
GI (LLI) 
Total body 
Lung 

_ GI(LLD 
Bone 

| GI (LLI) 
Total body 


_ Lung 


GI (LLD 


| 

Maximum | Maximum permissible concentrations 

permissible, 
burden 


For 168 hr week 


For 40 hr week 


| J 
| (MPC), | (MPC), 
(uc/cm) 


in total — 
body (MPC) ,, 


(uc/cm?) 


10° 
jo-5 
10-5 


4x10" 
3 x 10% | 5 x 10° 
x 10 6 x 10 | 10 
x 19-7 0.02 |3x 10°" 
x 10-9 | 0.2 


aS 


10-6 


|3 x 10-6 | 6 x lth 


— | ——EE = - 
2x 10-8! 4x 10515 x 10-8 


< 10-4 
10-4 


|2~x 2x 10+ | 5 x 10° 
3 x 10-4 | 4 x 10-12 
| 
' 3x 107 
4x 10°% 
(4x10 5x 10-") 10-4 |2~x 10°" 
7 x 10-4 | 2 x 10-7 | 3 x 10-4 | 6 x 10-8 
| 3 x 10-3 | 4 x 10711] 
| 
| 


10-7 | 
10-1 


10-° 


7x 10-* | 10” 2x 10-4 


| 
1 | | 
| 10-7 | 3 x 10% 


4x 10-8 7 x 10-5 
6 x 10°") 2 x 10 
| 5 » 10-11) 


(insol.) | 


(3x 10-7) 
14x 10° | 7x1 


i] 
{| 
| 
| 
| 
| 
| 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Table 2. Radionuclides which do not reach equilibrium in the body within 50 years 


Percentage equil. 
| Radionuclide > T, T | reached in 
| (years) (years) (years) 50 years 


Sr*° 28 18 
Ra??6 1622 5 44 
Ac??? 21.8 2 20 
Th?3° 8.0 x 104 rt 200 
Th?82 1.38 x 101° ; 200 
Pa*31 3.43 « 104 : 200 
Np? 2.20 x 106 2 200 
Pu28s 89.6 62 
Pu239 2.44 x 104 20 200 
Pu?? 6.6 x 108 2 190 
Pu*4! 13.2 12 
Pu2#2 3.8 x 105 2 200 
Am?#4! 2 140 
Am?48 x ‘ 2 200 
Cm?*48 : 30 
Cm?*4 ‘ 200 17 
Cm? 2% 200 200 
Cm*46 6 xX 200 190 
as 7 xX 108 200 140 
Cf250 200 10 


REPORT OF COMMITTEE TWO 


Table 3. Maximum permissible concentration of unidentified radionuclides in water, 
(MPCU),, values*, for continuous occupational exposure 


Limitations uc/cm® of watert 


If no one of the radionuclides Sr®, ['28, [129 [131, Pb?29, Po?!) At?4, Ra223, | 
Ra**4, Ra®*6, Ra®28, Ac??7, Th?80, Pa?%!, Th?5?, and Th-nat is present, then 
the (MPCU), is 

If no one of the radionuclides Sr®, [?29, Pb?!°, Po?!®, Ra??5, Ra??6, Ra 
Pa**!, and Th-nat is present, then the (MPCU),, is 


228 
; 


If no one of the radionuclides Sr®, [!**, Pb*!°, Ra®**, and Ra**S is present, then 


the (MPCU),, is 


If no analysis of the water is made, then the (MPCU),, is 


* Each (MPCU),, value is the smallest value of (MPC), in Table 1 for radionuclides other than those 
listed opposite the value. Thus these (MPCU),, values are permissible levels for continuous occupational 
exposure (168 hr/wk) for any radionuclide or mixture of radionuclides where the indicated isotopes are not 
present (i.e., where the concentration of the radionuclide in water is small compared with the (MPC), value 
for this radionuclide). The (MPCU), may be much smaller than the more exact maximum permissible 
concentration of the material, but the determination of this (MPC), requires identification of the radio- 
nuclides present and the concentration of each. 

+ Use one-tenth of these values for interim application in the neighborhood of an atomic energy plant. 


PERMISSIBLE DOSE FOR INTERNAL RADIATION 


Table 4. Maximum permissible concentration of unidentified radionuclides in air, 
(MPCU), values*, for continuous occupational exposure 


Limitations uc/cm® of airt 


If there are no «-emitting radionuclides and if no one of the $-emitting radio- 
nuclides Sr, [}29, Pb?!°, Ac??7, Ra?28, Pa?50, Pu?4!, and Bk?!® is present, then 
the (MPCU), is 


If there are no «-emitting radionuclides and if no one of the $-emitting radio- 
nuclides Pb?!®, Ac?*’7, Ra??8, and Pu**! is present, then the (MPCU), is 


If there are no a-emitting radionuclides and if the «-emitting radionuclide Ac??? 
is not present, then the (MPCU), is 


If no one of the radionuclides Ac?*’, Th?*°, Pa?#!, Th?5?, Th-nat, Pu?*8, Pu?®9, 
Pu**, Pu®#2, and Cf**® is present, then the (MPCU), is 


If no one of the radionuclides Pa?*!, Th-nat, Pu?*, Pu24°, Pu?42, and Cf?4® is 


present, then the (MPCU), is 


If no analysis of the air is made, then the (MPCU), is | 4x 107% 


* Each (MPCU), value is the smallest value of (MPC), in Table 1 for radionuclides other than those listed 
opposite the value. Thus these (MPCU), values are permissible levels for continuous occupational exposure 
168 hr/wk) for any radionuclide or mixture of radionuclides where the indicated isotopes are not present 
i.e., where the concentration of the radionuclide in air is small compared with the (MPC), value for this 
radionuclide). The (MPCU), value may be much smaller than the more exact maximum permissible 
concentration of the material, but the determination of this (MPC), requires identification of the radionuclides 


present and the concentration of each. 
+ Use one-tenth of these values for interim application in the neighborhood of an atomic energy plant. 
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REPORT OF COMMITTEE TWO 


Table 5a. Effective energies for chains 


Effective energy for organs of reference 


Eff. energy, 2E(RBE), 
(E in MeV) 


Half-life for portions of GI tract* 
Radionuclide |(7, in days) , 
Organs of | JE(RBE)n | SLEF(RBE)n | 
Reference |(EinMeV)| —F (Ein MeV)| S$ st | LI 
woCa!? | 4.9 Total body | 1.2 / 1.0 1.2 (0.61 | 1.2 | 0.48 
Lung (insol.)) 0.61 | 1.0 0.61 | | 
Bone | 18 | 1.0 | 1.8 | | 
Sc!” | 3.43 Total body 0.26 | 0.90 | 0.23 0.21 «| 0.26 =| 0.19 
| Lung (insol.)} 0.21 | 0.97 | 0.20 
Bone 0.89 0.91 | 081 | 
| | 
| Total body | 1.4 
Lung (insol.)) Totals for Chain | 0.81 | 
Bone | | 2.6 
| 
»Co*™ 0.38 | Total body | 0.026 | 1.0 ' 0.026 | 0.024 | 0.026 | 0.019 
Lung (insol.)} 0.024 | 1.0 0.024 | 
Pancreas | 0.019 | 1.0 0.019 
| Liver | 0.024 | 1.0 0.024 | 
| Spleen 0.022 | 1.0 0.022 | 
| Kidney | 0.022 | 1.0 0.022 | | 
Co** | 72 Total body 0.61 | 0.12 0.073 | 0.29 | 061 | 0.17 
Lung (insol.)} 0.29 | 0.63 | 0.18 | 
Pancreas 0.17 | 0.12 0.020 
| Liver 0.29 | 0.12 0.035 | 
| Spleen 0.22 | 0.12 0.026 | 
| | Kidney 0.22 0.12 | 0.026 | 
| | | 
| | Total body 0.099 | 
Lung (insol.) 0.20 | 
| Pancreas Totals for Chain 0.039 
| Liver 0.059 
Spleen 0.048 
| Kidney 0.048 
| 
aoZn*™ | 0.58 | Total body | 0.27 1.0 | 0.27 | 0.13 | 0.27 | 0.081 
| | Lung (insol.)} 0.13 1.0 | O13 | 
_ Prostate 0.057 1.0 | 0.057 | 
| Pancreas 0.081 1.0 | 0.081 | 
| Liver 0.13 1.0 | 0.13 
| Kidney 0.10 1.0 | 0.10 | 
| Ovary 0.057 1.0 0.057 
| Testis 0.057 1.0 0.057 
| Bone 0.16 1.0 0.16 
Muscle 0.27 1.0 | 0.27 


* The abbreviations GI, S, SI and LI refer to gastrointestinal tract, stomach, small intestine, and large 


intestine (either upper or lower large intestine), respectively. 
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Half-life 
Radionuclide 


Effective energy for organs of reference 


Eff. energy, 2E(RBE), 
(EZ in MeV) 
for portions of GI tract 


(T, in days) 


Organs of | SE(RBE)n 
Reference | (Ein MeV) 


LEF(RBE)n 
(Ein MeV) 


s1 | LI 


Total body | 
Lung (insol.) | 
Prostate 
Pancreas 
Liver 
Kidney 
Ovary 

Testis 


| Bone 
Muscle 


0.37 
0.37 
0.37 


0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
1.9 

0.37 


| Total body 

| Lung (insol.) 
| Prostate 

| Pancreas 

| Liver 


| Kidney 
| Ovary 


Testis 


| Bone 
| Muscle 


Totals for Chain 


0.64 
0.50 
0.43 
0.45 
0.50 
0.47 
0.43 
0.43 
2.1 

0.64 


0.37 


| 
| 
| 
| 
| 
| 


0.049 


65 


Total body | 


Lung (insol.) 
Bone 


Total body | 


Lung (insol.) 


| Bone 


0.14 
0.066 
0.039 
0.33 
0.16 
0.091 


0.14 
0.066 
0.039 
0.33 
0.10 
0.091 


| Total body | 


Lung (insol.) 
Bone 


Totals for Chain 


0.47 


1.0 x 104| 


| Lung (insol.) 


Total body | 


| Bone 


2.68 


| Total body 


| Lung (insol.) 
| Bone 


1.0 


Total body | 
Lung (insol.)| 


Bone 


Totals for Chain 
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Eff. energy, 2E(RBE), 
Effective energy for organs of reference (Z in MeV) 
Half-life for portions of GI tract 
Radionuclide |( 7, in days), 
| Organs of | ZE(RBE)n SEF(RBE)n 
| reference | (Ein MeV) F (Ein MeV) S SI LI 
ysSr?! 0.40 | Total body | 0.98 1.0 0.98 | 068 |0.98 | 0.58 
Lung (insol.))| 0.68 1.0 0.68 
| Bone 2.4 1.0 2.4 
x . 59%) 0.035 | Total body 0.34 1.0 0.34 0.15 0.34 0.082 
Lung (insol.)} 0.15 1.0 | 0.15 
| Bone 0.082 1.0 | 0.082. | 
I tke J 58 Total body 0.59 | 1.0 | 0.59 0.59 0.59 0.59 
Lung (insol.)} 0.59 0.67 | 0.40 
Bone 2.9 1.0 | 2.9 
Total body 1.9 
Lung (insol.) Totals for Chain 1.2 
Bone | | 5.4 
yet?! 0.40 | Total body | 1.8 | 1.0 18 16 | 18 | 0.97 
ny Lung (insol.)| 1.6 | 1.0 2 
| Bone as | we es 
Y*! | 58 Total body | 0.59 | 1.0 0.59 0.59 | 0.59 | 0.59 
Lung (insol.)) 0.59 =| 0.67 | 0.40 
Bone | 2.9 | 1.0 | 29 
Total body 2.4 
Lung (insol.) Totals for Chain | 2.0 
Bone | | 7.4 
yr? 0.11 | Totalbody | 096 | 10 | 0.96 0.45 | 0.96 | 0.37 
Lung (insol.)} 0.45 1.0 | 0.45 
Bone 1. 1.0 } wd 
Lae 0.15 Total body 1.6 1.0 | 1.6 1.5 1.6 1.4 
Lung (insol.) 1.5 1.0 | 15 
Bone 6.9 1.0 6.9 
Total body | 2.6 
Lung (insol.) Totals for Chain 2.0 
Bone 8.0 
2¥* 0.035 Total body 0.34 1.0 0.34 0.15 | 0.34 | 0.082 
Lung (insol.)} 0.15 1.0 0.15 
Bone 0.082 1.0 0.082 
y* 58 Total body 0.59 1.0 0.59 0.59 | 0.59 | 0.59 
Lung (insol.)|} 0.59 0.67 0.40 
Bone 2.9 1.0 2.9 
Total body 0.93 
Lung (insol.) Totals for Chain 0.55 
Bone | 3.0 
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Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 

Half-life for portions of GI tract 
Radionuclide |( 7, in days) 


Organs of | SE(RBE)n SEF(RBE)n 
reference | (Ein MeV) (Ein MeV) SI | LI 


2Y¥® 4 Total body . 17 «| (1.4 
Lung (insol.) 
Bone , . § 
Zr 450% 4.0 x 108 | Total body ; ; - | 0, 019 | 0.019 

Lung (insol.)} 0.019 


Bone 0.095 ; 

Noe | 3.7 x 103 | Total body 0.038 1. ‘ 2 ; ” | 0.038 
Lung (insol. )| 0.038 

Bone | 


| 
| 
| 
| 


} | 
| Total body | 
Lung (insol.)| 
| Bone | 


2"? 0.42 | Total body 
- Lung (insol. )| 

o/s) 
50%) Bone | 
4.0 x 108 | Total body | 0.019 is 1 x 10-6 
| Lung — 0.019 (3.0 x 10-7 
Bone | 0.095 12.5 x 10-8 


Total body 
Lung (insol.) 
Bone 


Totals for Chain 


0.019 | 1. 0.019 
0.019 | 1. 0.019 
0.095 | 1. 0.095 
0.019 | 1. 0.019 
|} 0019 | 1. 0.019 
| 0019 | 1. 0.019 
Total body | 0.030 | 0. 0.0051 
Lung (insol.)} 0.030 | . 9.3 x 10-4 
Bone 0.078 | 0. 0.016 
Kidney 0.030 | 0. 0.0051 
Spleen 0.030 | 0. 0.0060 
Liver 0.030 ’ 0.0057 


Total body 0.024 
Lung (insol.) 0.020 
Bone 0.11 

Kidney Totals for Chain 0.024 
Spleen 0.025 
Liver 0.025 


4.0 x 108 | Total body 
Lung (insol.) 


| 
) 
| 
| 
| 
| 


Total body \ d 0.57 
Lung (insol.) 3 ‘ 0.32 
Bone | 0. ‘ 0.77 
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| | Eff. energy, ZE(RBE), 
Effective energy for organs of reference (E in MeV) 
Half-life | (for portions of GI tract 
Radionuclide (7, in days) 


| Organs of | ZE(RBE)n | SEF(RBE)n | | 
reference | (Ein MeV) F |\(EinMeV)| S&S SI | LI 
| Kidney 0.27 | 1.0 0.27 | 
| Liver | 0.32 | 1.0 0.32 | 
| Spleen | 0.27 1.0 0.27 | | 
Nb*® 35 |: Total body 0.51 0.96 0.49 0.26 | 0.51 | 0.16 
Lung (insol.) 0.26 0.77 0.20 
Bone 0.37 0.97 0.36 | | 
Kidney 0.20 0.96 0.19 | 
Liver 0.26 0.96 0.25 
Spleen 0.20 0.97 0.19 
Total body 1.1 
| Lung (insol.) 0.52 
Bone 1.1 
Kidney Totals for Chain 0.46 
Liver 0.57 
Spleen 0.46 
eget™ 0.71 Total body 1.2 1.0 1.2 0.94 1.2 0.85 
Nb*?™ Lung (insol.)) 0.94 1.0 0.94 
Bone 3.8 1.0 3.8 
Kidney 0.88 1.0 0.88 
Liver 0.94 1.0 0.94 
| Spleen 0.88 1.0 0.88 
Nb*” 0.051 | Total body 0.87 1.0 0.87 0.64 | 0.87 | 0.56 
Lung (insol.)) 0.64 1.0 0.64 
Bone 2.4 1.0 2.4 
Kidney 0.60 1.0 0.60 
Liver 0.64 1.0 0.64 
Spleen 0.60 1.0 0.60 
Total body | ya 
Lung (insol.) 1.6 
Bone Totals for Chain 6.2 
Kidney 1.5 
| Liver 1.6 
| Spleen 1.5 
a2Mo?®® ) 2.79 | Total body | 0.45 | 1.0 0.45 0.45 0.45 | 0.45 
Lung (insol.) 0.45 1.0 0.45 
| Kidney | 0.45 1.0 0.45 
| Liver 0.45 1.0 0.45 
Tc®™ 87 Fa 0.25 Total body 0.080 0.80 0.064 0.035 | 0.080 | 0.020 
Lung (insol.) 0.035 1.0 0.035 
Kidney 0.026 0.99 0.026 | 
Liver | 0.035 0.99 0.035 
Fo J 7.3 x 107 | Total body 0.094 10-8 9.4 x 107-19; 0.094 | 0.094 | 0.094 
| Lung (insol.), 0.094 }1.6 x 10-* {1.5 x 10-7 | | | 
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Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 

Half-life | for portions of GI tract 

Radionuclide |( 7, in days)| 


} 


| | 


| Organs of | YE(RBE)n \DEF(RBE)n 
| reference | (E in MeV) F | (E in MeV) 


0.094 2.6 x 10-7 |2.4 x 10-8 
0.094 3.9 x 10-7 |3.7 x 10-8 


| 0.51 
Lung (insol.), Totals for Chain | 0.49 
Kidney 0.48 
Liver 0.48 


Total body 0.71 1.0 0.71 | 0.40 

Lung (insol.)) 0.40 1.0 0.40 

Kidney 0.34 | 0.34 
| Liver | 0.40 1.0 0.40 

Total body 0.094 11.3 x 10-§ | 1.2 x 10-° 0.094 | 0.094 0.094 
Lung (insol.)) 0.094 | 1.6 x 10-8 | 1.5 x 1077 

Kidney | 0.094 |2.6 x 10-7 |2.4 x 10-8 

Liver 0.094 3.9 x 10-7 |3.7 x 10-8 


Total body 

Lung (insol.) Totals for Chain 
Kidney 

Liver 


0.032 


0.036 Total body 0.034 : 0.034 0.034 | 0.034 
Lung (insol.) 0.034 d 0.034 
Kidney 0.034 J 0.034 
Liver 0.034 : 0.034 
Lung (sol.) 0.034 ‘ 0.034 
Bone 0.089 ‘ 0.089 
Skin 0.015 : 0.015 
Total body 1.4 I$ 0.27 
Lung (insol.), 0.64 B. 0.63 
Kidney 0.47 , 0.38 
Liver 0.64 0.88 0.56 
Lung (sol.) 0.64 0.54 | 0.35 
Bone 0.35 0.86 0.30 
Skin 0.0083 0.70 0.0058 


Total Body 
Lung (insol.) 
| Kidney Totals for Chain 
Liver 0.60 
Lung (sol.) 0.38 
Bone 0.39 
| Skin | 0.021 
92 | Total body 0.090 0.090 0.090 | 0.090 0.089 
| Lung (insol.)) 0.090 | 0.090 


REPORT OF COMMITTEE TWO 


Eff. energy, 2E(RBE), 
Effective energy for organs of reference (EZ in MeV) 
Half-life for portions of GI tract 


Radionuclide |(7, in days) 


Organs of | XE(RBE)n SEF(RBE)n 
Reference | (Ein MeV) (Ein MeV) SI LI 


Kidney 0.090 : 0.090 
Liver 0.090 
Skin 0.071 

Bone 0.37 

Lung (sol.) 0.090 
Total body 0.020 
Lung (insol.)| 0.020 
Kidney 0.020 
Liver 0.020 
Skin 0.0011 
Bone 0.019 
Lung (sol.) 0.020 


Total body 0.090 
Lung (insol.) 0.090 
Kidney Totals for Chain 0.090 
Liver 0.090 
Skin 0.071 
Bone 0.37 
Lung (sol.) 0.090 


| 
| 
Total body | 0.080 | 1. 0.080 
Lung (insol.)| 0.035 . 0.035 
Kidney 0.026 d 0.026 
Lung (sol.) | 0.035 ‘ 0.035 
Liver 0.035 0.035 
Bone 0.020 0.020 
| Skin 0.0022 | 0.0022 
Total body 0.094 |1.2 x 10-° 
Lung (insol.)| 0.094 11.5 x 10-7 
| Kidney 0.094 2.4 x 10-8 
Lung (sol.) 0.094 2. > 6.1 x 10-°® 
Liver 0.094 3.7 x 10-8 
Bone 0.47 1.5 x 107? 
Skin 0.094 1.2 x 10-8 


| 
| 
| 
| 
| 
| 


Total body 0.080 
Lung (insol.) 0.035 
Kidney Totals for Chain 0.026 
Lung (sol.) 0.035 
Liver 0.035 
Bone 0.020 
Skin 0.0022 


Total body 0.15 
Lung (insol.) 0.078 
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Eff. energy, YE(RBE), 
Effective energy for organs of reference (E in MeV) 

Half-life for portions of GI tract 
Radionuclide |( 7, in days) 


Organs of | SE(RBE)n SEF(RBE)n 
Reference | (Ein MeV) F (Ein MeV) 


Kidney 0.062 1.0 0.062 
Bone 0.050 1.0 0.050 
Total body 0.090 0.011 9.9 x 10-* 
Lung (insol.)} 0.090 0.57 0.051 
Kidney 0.090 0.17 0.015 
Bone 0.37 0.22 0.081 
Total body 0.020 2.9 x 10-* |5.8 x 10-1"! 0.020 | 0.019 
Lung (insol.); 0.020 1.8 x 10-5 |3.6 x 1077 
Kidney 0.020 9.4 x 10-7 |1.9 x 10-8 
Bone 0.019 1.5 x 10-* |2.9 x 10-* 


Total body 0.15 
Lung (insol.) Totals for Chain 0.13 
Kidney 0.077 
Bone 0.13 


Rules Total body | 0.38 ' 0.38 0.38 | 0.14 
Lung (insol.}} 0.21 : 0.21 | 
Kidney 0.17 d 0.17 

Bone 0.43 ; 0.43 
Rh!" . Total body 0.055 ‘ 0.055 0.055 | 0.055 | 0.053 
Lung (insol.)| 0.055 : 0.055 
Kidney 0.054 0.054 
Bone 0.19 ‘ 0.19 


Total body 0.44 
Lung (insol.) 0.27 
Kidney Totals for Chain 0.22 
Bone 0.62 


Total body 0.98 1.0 0.98 0.98 | 0.62 
Lung (insol.)| 0.72 1.0 0.72 

Kidney 0.66 1.0 0.66 
Bone 2.6 1.0 2.6 
Total body | 0.20 0.88 0.18 0.20 | 0.19 
Lung (insol.)| 0.19 0.99 0.19 
Kidney 0.19 0.95 0.18 
Bone 0.95 0.91 0.86 


Lung (insol.) Totals for Chain 0.91 
Kidney 0.84 
Bone 3.5 


| 
} 
| 
Total body 1.2 
| 


Total body . . 0.023 0.023 | 0.019 
Lung (insol.) R , 0.022 


Kidney . , 0.021 
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| | Eff. energy, YE(RBE), 
Effective energy for organs of reference (Z in MeV) 
Half-life ‘for portions of GI tract 
Radionuclide |(7, in days) 
Organs of | JE(RBE)n SEF(RBE)n| 
| reference | (Ein MeV) F (Ein MeV) | S SI | LI 
| Spleen | 0.021 10, =| 0021 | | 
| Liver | 0.022 1.0 | 0.022 | | 
Rh103m | 0.038 Total body | 0.041 1.0 | 0.041 0.041 | 0.041 | 0.039 
| Lung (insol.)) 0.041 1.0 | 0.041 | 
| Kidney 0.040 1.0 | 0.040 
| | Spleen 0.040 1.0 0.040 | | 
| | Liver 0,041 1.0 | 0.041 | | 
[-—__— 
| | Total body | | 0.064 
| | Lung (insol.)| | 0.063 | 
| Kidney Totals for Chain | 0.061 | 
Spleen | 0.061 | 
Liver | 0.063 | 
gd 15 | 43 Total body | 0.61 | 1.0 (0.61 0.61 | 0.61 | 0.61 
| Lung (insol.), 0.61 | 1.0 0.61 
| Liver 0.61 «10 | 0.61 
| | Kidney vee i ae | 
Cas 2.2 | Total body | 0 1.0 | 0 0 0 0 
| Lung (insol.)| 0 | 10 | 0 
| Liver i; 0 | 1.0 | 0 
| Kidney 0 | 10 a 
In 115" | 0.19 | Total body | 0 099 | Oo 0 0 0 
| | Lung (insol.)| 0 1.0 | 0 | 
Liver 0 0.99 0 | 
| Kidney 0 | 0.99 | 0 
In™ (2.2 x 10?”| Total body 0.17 2.2 x 10-%°/3.7 x 10-17 0.17 | 0.17 | 0.17 
| Lung (insol.)) 0.17 (5.5 x 107-%*|9.4 x 107-17 | | 
| Liver | 0.17 /2.6 x 10-18/4.4 x 10-17| 
| Kidney 0.17 (2.7 x 10-1) 4.6 x 10-17 
Total body | 0.61 
Lung (insol.)| 0.61 
| Liver | Totals for Chain 0.61 
| Kidney 0.61 
| | 
gcd 5 2.2 Total body 0.45 1.0 0.45 0.38 | 0.45 | 0.36 
Lung (insol.)) 0.38 1.0 0.38 
Liver 0.38 1.0 0.38 
Kidney 0.37 . 32 0.37 
In115™ 0.19 Total body 0.26 1.0 0.26 0.20 | 0.26 | 0.18 
Lung (insol.)| 0.20 1.0 0.20 | 
Liver 0.20 1.0 0.20 
Kidney | 0.19 1.0 0.19 
Int 2.2 x 1017) Total body 0.17 2.2 x 10-1*|3.7 x 10-27} 0.17. | 0.17 | 0.17 
Lung (insol.)| 0.17 5.5 x 10-98 /9.4 x 10-17 | 
| | Liver | 0.17 2.6 x 10-1*|4.4 x 10-”7 | 
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| Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 
Half-life | for portions of GI tract 


Radionuclide |( 7, in days) | 
Organs of | SE(RBE)n | rer | 


| reference (E in MeV) F Ein MeV sI | LI 


Kidney =| 0.17 2.7 x 10-16) 4.6 x 10-17 | 


Total body | | 0.71 
Lung (insol.)| Totals for Chain | 0.58 | 
Liver 0.58 | 
Kidney | 0.56 

| 


Total body 0.26 ; | 0.26 
Lung (insol.)| 0.20 | d | 0.20 
Kidney | 0.19 | OL. | O19 | 
Spleen 0.19 | 0.19 | 
Liver | 0.20 d 0.20 
Thyroid | 0.16 y | 0.16 
Bone | » 0.74 ‘ 0.74 
Skin 0.14 | 0.14 | 
Total body 0.17 10-16 3.7 7 x 10-!7| 0.17 
Lung (insol.)| 0.17 ¢ 10-16 |9.4 x 107-1!" | 
Kidney 0.17 10-16 4.6 « 10-1? 
Spleen 0.17 x 10-%*|3.7 x 10-" 
Liver | 0.17 x 10-1 | 4.4 «x 107-17 | 
Thyroid | 0.17 x 10-17|6.5 x 10-!"| 
Bone 0.85 6 x 10-1 |2.2 x 10-% | 

| 

| 

| 


0.20 | 0.26 0.18 


ui bo 


> bh bo bo 
SChAanwn wr 


io) 


Skin 0.17 3.0 x 10-8 5.1 x 10-17 | 


Total body | | 0.26 
| Lung (insol.) 0.20 
Kidney | 0.19 
Spleen Totals for Chain 0.19 
| Liver | 0.20 
_ Thyroid | 0.16 
| Bone | 0.74 
| Skin | 0.14 


Total body | 0.028 . 0.028 0.024 | 0.028 | 0.018 
Lung (insol.)| 0.024 ; | 0.024 
Bone | 0.018 | j | 0.018 
| Prostate 0.0023 | i | 0.0023 
Liver 0.024 : 0.024 
Thyroid 0.0023 , 0.0023 
0.073 | Total body 0.29 : | 0.29 ‘ 0.29 | 0.17 
Lung (insol.)| 0.21 : 0.21 | | 
Bone 0.68 : | 0.68 

| Prostate 0.16 , 0.16 
| Liver 0.21 j | 0.21 
| feancatu: 0.16 ‘ 0.16 
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| 
| | Eff. energy, JE(RBE), 
| Effective energy for organs of reference (EZ in MeV) 
Half-life | for portions of GI tract 
Radionuclide |( T, in days), | 
| Organs of | XE(RBE)n SEF(RBE)n 
5 | reference | (Ein MeV) F (E in MeV) S SI LI 
| Total body | | 0.32 
| Lung (insol.)| | 0.23 
| Bone Totals for Chain | 0.70 
| Prostate 0.16 
Liver 0.23 
Thyroid 0.16 
gpon)* |) | 9.5 Total body 0.93 | 1.0 | 0.93 0.93 | 0.93 | 0.93 
| Lung (insol.)| 0.93 1.0 | 0.93 
| | Bone 4.7 1.0 4.7 
| Prostate 0.93 1.0 0.93 
| Liver 0.93 1.0 0.93 
Thyroid 0.93 1.0 0.93 
Sb15 P83 :%, 877 | Total body 0.32 0.041 0.013 0.21 0.32 0.16 
| | Lung (insol.)| 0.21 0.12 0.025 
| Bone 0.62 0.10 0.062 
Prostate 0.14 0.041 | 0.0057 
Liver 0.21 0.042 0.0088 
Thyroid | 0.14 0.0046 |6.4 x 10-4 
Te%= } | 58 Total body | 0.075 0.0085 (6.4 x 10-4 | 0.070 | 0.075 | 0.061 
| Lung (insol.)} 0.070 0.081 | 0.0057 
| Bone 0.21 0.035 | 0.0074 
| | Prostate 0.055 0.0085 (|4.7 x 10-4 
Liver 0.070 0.014 |9.8 x 10-4 
| Thyroid 0.055 |6.1 x 10-# 3.4 x 10-5 
| Total body 0.94 
Lung (insol.) 0.96 
Bone Totals for Chain | 48 
Prostate 0.94 
Liver | 0.94 
Thyroid | 0.93 
Sn?25 | 95 | Total body 0.93 1.0 | 0.93 0.93 0.93 0.93 
| Lung (insol.)| 0.93 1.0 | 0.93 
Bone 4.7 1.0 | 4.7 
, 17% Prostate 0.93 1.0 | 0.93 
| Liver 0.93 1.0 | 0.93 
Thyroid | 0.93 1.0 | 0.93 
Sb125 J | 877 | Total body | 0.43 0.041 | 0.018 | 0.21 | 0.43 | 0.13 
| Lung (insol.)} 0.21 0.12 0.025 
| | Bone 0.28 0.10 0.028 
| Prostate 0.095 0.041 0.0039 
Liver 0.21 0.042 0.0088 
| Thyroid 0.095 0.0046 /|4.4 x 10-4 
| | | | : 
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Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 

Half-life for portions of GI tract 
Radionuclide |( 7, in days) 


Organs of | XE(RBE)n XEF(RBE)n 
reference | (Zin MeV) (Ein MeV) SI | LI 


| 
Total body 0.95 
Lung (insol.) 0.96 
Bone Totals for Chain 4.7 | 
Prostate 0.93 
Liver 0.94 
Thyroid 0.93 


Total body 0.32 J 0.32 
Lung (insol.); 0.21 : 0.21 
Lung (sol.) 0.21 . 0.21 
Bone | 0.62 ; 0.62 
Liver | 0.21 j 0.21 
Thyroid / 0.14 ’ 0.14 | 
Total body | 0.075 : | 0.016 | 0.061 
Lung (insol.)| 0.070 y | 0.047 

| Lung (sol.) 0.070 : | 0.022 
Bone 0.21 \ 0.071 
Liver 0.070 , 0.024 
Thyroid 0.055 , 0.0072 | 


Total body 0.34 
Lung (insol.) 0.26 
Lung (sol.) | Totals for Chain 0.23 
Bone | 0.69 
Liver 0.23 
Thyroid 0.15 


Total body 0.089 0.089 
Lung (insol.)} 0.083 : 0.083 
Kidney 0.079 d 0.079 
Testis 0.070 ‘ 0.070 
Spleen 0.079 d 0.079 
Bone 0.31 d | 0.31 
Liver 0.083 : 0.083 
Thyroid 0.070 : | 0.070 
Total body , : 0.23 
Lung (insol.) % : | 0,24 
Kidney : . 0.24 
Testis A , 0.24 
Spleen ‘ . 0.24 
Bone : : 1.2 
Liver 5 : 0.24 
Thyroid 3 ‘ 0.23 


Total body 0.32 
Lung (insol.) Totals for Chain 0.32 
Kidney 0.32 
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| Eff. energy, SE(RBE), 


Liver | 0.73 1.0 0.73 


| Effective energy for organs of reference (£ in MeV) 
Half-life | for portions of GI tract 
Radionuclide |( 7, in days) — 
Organs of | SE(RBE)n \SEF(RBE)n | 
reference | (Ein MeV) | F | (Ein MeV) S SI LI 
Testis | 0.31 
| Spleen | 0.32 
| Bone Totals for Chain | 25 
| Liver 0.32 
| Thyroid | 0.30 
522072 33 | Total body 0.11 1.0 | 0.11 0.10 | O.11 | 0.093 
Lung (insol.)) 0.10 1.0 0.10 
Kidney 0.096 1.0 | 0.096 
Testis 0.087 | 1.0 0.087 | 
Spleen 0.096 | 1.0 | 0.096 
Liver 0.10 1.0 | 0.10 
Bone | 0.40 | 1.0 0.40 | 
| Thyroid 0.087 | 1.0 | 0.087 | 
Tes 0.051 Total body | 0.98 | 0.98 0.73 | 0.98 | 0.64 
Lung (insol.) 0.73 | 1.0 0.73 | 
Kidney 0.68 | 1.0 0.68 | | | 
Testis 0.60 1.0 | 0.60 | 
Spleen | 0.68 | 1.0 0.68 
Liver | 0.73 | 1.0 0.73 | 
| Bone | 2.8 «10 2.8 | 
Thyroid 0.60 | 0.99 | 0.59 
eae 6.3 x 10° Total body | 0.089 {2.2 x 10-* |2.0 x 10-* | 0.082 | 0.089 0.073 
Lung (insol.)) 0.082 |1.9 x 10-® | 1.6 x 10-° 
| Kidney 0.077. |2.7 x 10-® |2.1 x 10-16 
| Testis 0.068 }2.2 x 10-8 | 1.5 x 10-9 
| Spleen | O077 |22x 10-* |1.7 x 10-7 
| Liver | 0.082 [5.5 x 10-* |4.5 x 10-10 
| Bone 0.30 |3.2 x 10-® |9.6 x 1071 
| Thyroid | 0.068 22 x 10-* |1.5 x 10-* 
Total body | 1.1 
Lung (insol.)| | 0.83 
| Kidney | 0.78 
| Testis Totals for Chain | 0.69 
| Spleen | | 0.78 
| Liver | 0.83 | | 
Bone | 3.2 | 
Thyroid 0.68 
| | 
soTe??9 0.051 | Total body | 0.98 | 1.0 0.98 0.73 | 0.98 | 0.64 
| Lung (insol.)| 0.73 | 1.0 | 0.73 
| Kidney | 0.68 | 1.0 0.68 | 
| Testis 0.60 1.0 0.60 
| Spleen 0.68 | 1.0 0.68 | 
| 
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Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 

Half-life for portions of GI tract 

Radionuclide |(7, in days) 


Organs of | SE(RBE)n | me (RBE)n 
| (2 in MeV) | SI LI 


reference | (E in MeV) | 


Bone | 2.8 
Thyroid 0.60 
6.3 x 10° | Total body 0.089 
Lung (insol.)) 0.082 
Kidney 0.077 
Testis | 0.068 
Spleen 0.077 
Liver 0.082 
Bone 0.030 
Thyroid 0.068 


10-* | 0,082 0,089 | 0.073 
10-9 

ig 
10-9 
10-12 | 
10-10 | 
| 
10-9 


— 
~— 


wane 

dS qq b> 
—-of- = cece. 
aAnqnanvu~ DD 
i ao a we te oe ee 


bo 
RS 
bo 


Total body 0.98 
Lung (insol.) 0.73 
Kidney | 0.68 
Testis Totals for Chain | 0.60 
Spleen 0.68 
Liver 0.73 
Bone | 28 

Thyroid 0.60 


Total body | 1.2 > 1.2 
Lung (insol.) 0.73 , | 0.73 
Kidney | 0.63 : 0.63 
Spleen 0.63 : 0.63 
Liver 0.73 , 0.73 

Bone 1.9 ‘ 1.9 
| Thyroid 0.47 ey: | 0.47 
cate 05 Total body 0.44 .§ 0.41 
Neltia | Lung (insol.); 0.30 ‘ 0.28 
Kidney 0.27 6 | 0.18 
Spleen 0.27 6 | 0.17 
Liver 0.30 ; 0.24 
Bone 1.0 iz | 0.71 
Thyroid | 0.23 me | 0.22 


Total body | 1.6 
Lung (insol.)| 1.0 
Kidney Totals for Chain | 0.81 
Spleen ' 0.80 
Liver | 0.97 
Bone | 26 
Thyroid | 0.69 


Total body 2 : | 0.21 
Lung (insol.), ak ; 0.13 
Kidney | J d | O11 
Spleen , f | 0.11 
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Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 
Half-life for portions of GI tract 
Radionuclide |(7, in days) 
Organs of | YE(RBE)n SL EF(RBE)n 
reference | (Ein MeV) F (Z in MeV) S SI LI 
| Testis 0.089 10 =| -—-0.089 | 
Bone 0.38 1.0 0.38 
Liver 0.13 1.0 0.13 
Thyroid 0.089 1.0 0.089 
[188 0.097 Total body 1.7 1.0 1.7 1.0 1.7 0.76 
| Lung (insol.)} 1.0 | 1.0 1.0 
Kidney 0.86 | 0.99 0.85 
| Spleen 0.86 | 0.99 0.85 
| Testis 0.65 | 0.99 0.64 
Bone 2.7 0.99 2.7 
| Liver 1.0 | 0.99 0.99 
Thyroid 0.65. | 1.0 0.65 
Total body | 1.9 
tt (insol.)| | 1.1 
idney | 0.96 
| Spleen Totals for Chain 0.96 
Testis 0.73 
Bone 3.1 
Liver 1.1 
Thyroid 0.74 
sal 3 | 0.87 | Total body | 0.84 1.0 | 0.84 0.64 | 0.84 | 0.57 
Xels3m | Lung (insol.)| 0.64 1.0 | 0.64 
| Thyroid 0.54 1.0 | 0.54 
Xess | of? Total body 0.17 0.016 | 0.0027 | 0.16 | 0.17 | 0.15 
Lung (insol.)} 0.16 0.016 0.0026 
Thyroid 0.14 0.016 0.0022 
| Total body 0.84 
Lung (insol.) Totals for Chain ; 0.64 
} Thyroid | 0.54 
531135 | 0,28 Total body 1.2 1.0 1.2 0.70 | 1.2 0.54 
acre Lung (insol.); 0.70 1.0 0.70 
Thyroid 0.46 1.0 0.46 
Xess 0.38 Total body 0.50 0.18 0.090 0.40 | 0.50 | 0.36 
Ge Lung (insol.)} 0.40 0.18 0.072 
Thyroid 0.33 0.18 0.059 
Cs | 1.1 x 10®| Total body 0.066 1.1 x 10-§ |7.3 x 10-!°| 0.066 | 0.066 | 0.066 
Lung (insol.)| 0.066 1.9 x 10-* | 1.3 x 10-* 
Thyroid 0.066 1.1 x 10-* |7.3 x 10-1° 
Total body 1.3 
Lung (insol.) Totals for Chain 0.77 
Thyroid 0.52 
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Eff. energy, YE(RBE), 
Effective energy for organs of reference (E in MeV) 
Half-life for portions of GI tract 


Radionuclide |( 7, in days) 


Organs of | XE(RBE)n LEF(RBE)n 
reference | (£in MeV) (E in MeV) SI LI 


Total body 0.11 : 0.11 
Lung (insol.)} 0.092 : 0.092 
Liver 0.092 : 0.092 
Spleen 0.087 r 0.087 
Kidney 0.087 é 0.087 
| Muscle 0.11 é 0.11 
Bone | 0.35 : 0.35 
Lung (sol.) | 0.092 , 0.092 
Total body 1.1 . 0.085 
Lung (insol.)| 0.57 4 0.074 
Liver 0.57 : 0.055 
Spleen 0.46 ) 0.046 
Kidney 0.46 y 0.022 
Muscle 1.1 , 0.15 
Bone 0.99 : 0.14 
Lung (sol.) 0.57 a 0.080 


Total body 0.19 
Lung (insol.) 0.17 
Liver 0.15 
Spleen Totals for Chain 0.13 
Kidney | 0.11 
| Muscle 0.26 
Bone | 0.49 
Lung (sol.) | 0.17 


Total body 0.35 d 0.35 
Lung (insol.)} 0.17 : 0.17 
Bone | 0.093 d | 0.093 
Liver | 0.17 ‘ 0.17 
Muscle | 0.35 d 0.35 
Spleen 0.12 : 0.12 
Kidney 0.12 J 0.12 
Lung (sol.) 0.17 ‘ 0.17 
Total body 0.029 . 0.026 
Lung (insol.)} 0,024 : 0.022 
Bone 0.017 ; 0.016 
Liver 0.024 , 0.022 
Muscle 0.029 : 0.027 
Spleen 0.021 , 0.019 
Kidney 0.021 J 0.017 
Lung (sol.) 0.024 ’ 0.022 


Total body | 0.38 
Lung (insol.) Totals for Chain 0.19 
Bone 0.11 
Liver 0.19 
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Eff. energy, 2E(RBE), 


Effective energy for organs of reference (E in MeV) 
Half-life for portions of GI tract 
Radionuclide (7, in days) | 
| Organs of | ZE(RBE)n | \ZEF(RBE)n 
Reference | (Ein MeV) | F (Ein MeV) S SI LI 
Muscle | 0.38 
Spleen | | 0.14 
| Kidney Totals for Chain | 0.14 
- Lung (sol.) | 0.19 
| | | 
jgBa 4 12.8 | Total body | 0.40 1.0 0.40 | 0.34 | 0.40 | 0.32 
Lung (insol. )| 0.34 1.0 0.34 
Bone | 25 | 1.0 1.5 | 
Liver | 0.34 1.0 0.34 
Lung (sol.) | 0.34 | 1.0 0.34 | 
_ Muscle | 0.40 | 1.0 0.40 
| Spleen 0.33 | 1.0 0.33 | 
| Kidney | 0.33 | 1.0 0.33 | 
La! 1.68 Total body 1.9 | 1.0 1.9 1.1 1.9 | 0.80 
Lung (insol.)| 1.1 | 1.0 1.1 | 
_ Bone 2.7 1.0 2.7 | 
Liver 1.1 | 1.0 1.1 | 
_ Lung (sol.) 1.1 1.0 1.1 | 
Muscle 1.9 1.0 1.9 | | | 
| Spleen 0.92 | 1.0 0.92 | 
Kidney 0.92 | 10 0.92 | | 
| 
Total body | 2.3 | | 
Lung (insol.) | ts | 
Bone | 4.2 | 
Liver Totals for Chain | 1.4 
| Lung (sol.) | | 14 | 
Muscle a +. 
| Spleen _* 
| Kidney |; 2 
sae! 1.33 Total body | 0.66 | 1.0 0.66 0.54 | 0.66 | 0.49 
Lung (insol. )| 0.54 | 1.0 0.54 
Liver | 0.54 | 1.0 0.54 
Bone | = | 1.0 | as | 
Kidney | 0.51 | 0.51 
Pr** 13.7 Total body | 0.32 | 0.98 0.31 | 0.32 0.32 0.32 
| Lung (insol.) | 0.32 | 0.90 0.29 | 
| Liver ) 0.32 | 0.96 0.31 | 
| Bone | 1.6 | 0.99 _ «16 
Kidney | 0.32 0.98 | 0.31 | 
Total body | | 0.97 | 
| Lung (insol.)| | 0.83 | 
| Liver | Totals for Chain | 0.85 | 
| Bone | 3.8 | 
Kidney 0.82 
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Radionuclide 


Half-life | 


Effective energy for organs of reference 


Eff. energy, SE(RBE), 
(EZ in MeV) 
for portions of GI tract 


( T, in days)’ 


Organs of 
Reference 


SE(RBE)n | 
(Ein MeV) 


Nd 144 


| 
| 


7.3 xX 10% 


Total body 
Lung (insol.) 
Liver 

Bone 
Kidney 
Total body 
Lung (insol.) 
Liver | 
Bone | 
Kidney 


| 


1.0 


1.3 


9.0 x 10-98 1.8 x 10-14 


1.6 x 10-16 | 3.2 x 10-5 
11.8 x 107-16 |3.6 x 10735 
12.0 x 10-15 |2.0 x 10-38 


|9.0 x 10-16| 1.8 x 10-14} 


Total body | 
Lung (insol.) 
Bone | 
Liver 


Kidney 


Totals for Chain 


| 
! 


1.3 
1.3 
6.3 
1.3 
1.3 


14.8 x 1018 


Total body | 
Lung (insol.)| 
Liver | 
Kidney 
Bone 
Total body 
Lung (insol.), 
Liver 
Kidney | 
Bone 
Total body 
Lung (insol.) 
Liver 


. | 
Kidney 


Bone 


0.37 
0.29 
0.29 
0.28 
1.2 
0.069 
0.069 
0.069 
0.069 


2 
| 
5 


1.0 
1.0 
1.0 
1.0 
1.0 
0.42 
0.12 
0.42 
0.42 
0.62 


0.37 
0.29 
0.29 
0.28 
iz 
0.029 
0.0083 
0.029 
0.029 
0.22 


x 10-7113 x 1-* 


98 x 107% 16.7 x 10734) 
6 x 107-12/3.7 x 107-14) 
.7 X 10712} 1.3 x 10-19 
13S x 1 121 x 1? | 


| Total body 
| Lung (insol.) 


Liver 
Kidney 
Bone 


Totals for Chain 


0.40 
0.30 
0.32 
0.31 
1.4 


0.29 


0.069 | 0.069 


0.22 


| 0.37 


0.22 


0.069 


0.22 


Total body 


| Kidney 
| Bone 


Lung (insol.) 
Liver 


Total body 
Lung (insol.) 


Liver 


0.55 
0.55 
0.55 
0.55 
2.8 

0.54 
0.44 
(0.44 
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REPORT OF COMMITTEE TWO 


Radionuclide |( 7, in days)|\—-— 


Sm!47 


Ho!#6 
Er 166m 


H 


4.8 x 


alf-life 


1018 


694 


Effective energy for organs of reference 


| Eff. energy, SE(RBE), 
(E in MeV) 
for portions of GI tract 


Organs of | YE(RBE)n | | SEF(RBE)n 
reference | (Ein MeV) F | (Ein MeV) Ss | SI LI 
| | 
Kidney 0.42 1.0 | 0.42 
Bone | 1.9 1.0 1.9 
| Total body | 1.1 
Lung (insol.)| 0.99 
_ Liver Totals for Chain 0.99 
Kidney | 0.97 | 
| Bone 4.7 | 
Total body | 0.069 1.0 0.069 0.069 | 0.069 | 0.069 
Lung (insol.)| 0.069 1.0 0.069 
Bone 0.35 1.0 | 0.35 
| Kidney 0.069 1.0 | 0.069 
Liver 0.069 | 1.0 | 8 069 | 
Total body | 23 be x 10-11/3.2 x 10-1°/ 0.22 | 0.22 | 0.22 
Lung (insol.)| 23 2.5 « 10-12/5.8 « 10-1! | 
Bone | «115 by x 10-11 3.6 x 10-8 | 
Kidney | 23 (1.4 x 10-11|3.2 x 10-10 
Liver | 23 (3.9 x 10-12}9.0 x 10-1 | 
Total bedy | | 0.069 
Lung (insol.)| 0.069 
Bone | Totals for Chain | 0.35 
Kidney | 0.069 
_ Liver | | 0.069 
Total body 0.094 | 1.0 | 0.094 | 0,094 | 0.094 | 0.094 
Lung (insol.)| 0.094 1.0 0.094 | 
Bone | 0.47 | «kO 0.47 
Liver | 0.094 | 10 0.094 | 
Total body | 0.70 | 1.0 0.70 0.69 | 0.70 | 0.69 
Lung ( (insol. ) 0.69 0.96 0.66 | 
Bone | 34 | 1.0 3.4 
Liver | 0.69 1.0 | 0.69 
Total body | 0.79 
Lung (insol.) 0.75 
| Bone Totals for Chain 3.9 
Liver | 0.78 
Total body | 0.64 | 1.0 0.64 0.49 | 0.64 | 0.43 
| Lung (insol.)| 0.49 | 1.0 0.49 
Bone iw. 1° |e 
Kidney | 045 | 1.0 0.45 
Total body 0.030 0.49 | 0.015 | 0,030 | 0.030 , 0.030 
Lung (insol.), 0.030 0.15 | 0.0045 
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Radionuclide 


Half-life | 


( T, in days) 


Effective energy for organs of reference 


Eff. energy, YE(RBE), 


(E in MeV) 


for portions of GI tract 


Organs of 
reference 


| SE(RBE)n 
| (Ein MeV) 


EF(RBE)n 
Ein MeV) 


Os!*1 


Ir191™ 


Bone 


Kidney 


0.15 
0.030 


0.089 
0.0099 


Total body 
Lung (insol.) 
Bone 

| Kidney 


Totals for Chain 


0.65 
0.49 
2.0 

0.46 


1.8 x 1038 


| Total body 
Lung (insol.) 
Liver | 
Bone 
Total body 
| 


| Lung (insol.)| 
Liver 


Bone 


0.68 
0.44 
0.44 
1.4 
0.012 
0.012 
0.012 
0.062 


3.9 x 


10-33 | lars 


x en 15 


6.7 x 10-12 | 8.0 x 10- 14 | 
7.8 x 10-33/9.4 x 10-35 | 
{9 x 10-33) 1.2 x 10-"| 


Total body 
Lung (insol.)/ 
Liver 
Bone 


Totals for Chain 


0.68 | 
0.44 
0.44 : 
1.4 | 


0.012 


| 
0.012 


| 
| 


Total body 


Lung (insol.)| 
Kidney 
| Liver 
Total body | 
Lung (insol.) 
Kidney 


Liver 


0.042 
0.018 
0.013 
0.018 
0.16 
0.12 
0.11 
0.12 


0.042 
0.018 
0.013 
0.018 
0.018 
0.11 

0.026 
0.031 


Total body 
Lung (insol.) 
Kidney 
Liver 


Totals for Chain 


0.060 
0.13 

0.039 
0.049 


| 0.018 


| 
| 0.12 


| 
| 0.042 
| 
| 


| 0.16 


0.012 


0.0097 


| 0.10 


193 
agPt 199” 


| 1.8 x 108 


Total body | 
Lung (insol.) 
Kidney 
Liver 
Spleen 
Total body | 
Lung (insol.) 

| Kidney 

| Liver 

| Spleen 


0.075 
0.032 
0.023 
0.032 
0.023 
0.043 
0.019 
0.014 
0.019 
0.014 


1.0 

1.0 

1.0 

1.0 

1.0 
1.3 x 10-4 
6.7 x 10-4 
3.3 x 10-4 
1.1 x 10-4 
3.3 x 10-4 


0.075 
0.032 
0.023 
0.032 
0.023 
5.6 x 10-6 
1.3 x 10-5 
4.6 x 10-6 
2.1 x 10-* 
4.6 x 10-6 


0.075 
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| Eff. energy, ZE(RBE), 


Effective energy for organs of reference | (E in MeV) 
Half-life | for portions of GI tract 
Radionuclide |( 7, in days) —— 
| Organs of | YE(RBE)n SEF(RBE)n 
reference (Ein MeV) F (Ein MeV); S SI LI 
| Total body | 0.075 
| Lung (insol.)| 0.032 
| Kidney Totals for Chain 0.023 
| Liver 0.032 | 
| Spleen | | 0.023 | | 
| : | 
_,Pt97m 0.056 | Totalbody | 0.30 | 1.0 0.30 | 0.28 | 0.30 | 0.27 
| Lung (insol.)) 0.28 1.0 0.28 | 
Kidney 0.27 | 1.0 0.27 
Liver 0.28 | 22 / 0.28 
Spleen | 0.27 «1.0 | 0.27 | 
Pris? 0.75 Total body | 0.26 0.97 0.25 0.24 | 0.26 | 0.23 
Lung (insol.)} 0.24 | 1.0 | 024 | 
Kidney 0.23 | 0.99 | 0.23 | | 
Liver 0.24 | 096 | 023 | | 
Spleen | 0.23 | 0.99 | 0.23 | 
Total body | 0.55 
Lung (insol.) 0.52 | 
Kidney | Totals for Chain | 0.50 
Liver | | 0.51 
Spleen | | 0.50 | 
ewHg*™™ 1.0 Total body | 0.22 1.0 0.22 0.15 | 0.22 | 0.13 
Au!97m Lung (insol.)) 0.15 | 1.0 0.15 
Kidney | 0.14 | 1.0 0.14 
| Spleen | O14 | 10 0.14 | | 
Liver | 0.15 | 1.0 0.15 | 
Hg!*’ ie | Total body | 0.097. | 0.78 0.076 | 0.052 | 0.097 | 0.036 
| Lung (insol.)) 0.052 | 0.96 0.050 | | 
Kidney | 0.043 | 0.85 0.037 | 
Spleen | 0.043 | 0.78 0.034 | 
Liver | 0.052 | (0.85 0.044 | 
Total body | 0.30 | | 
| Lung (insol.)| | 0.20 
Kidney Totals for Chain | 0.18 
| Spleen | 0.17 | | 
| Liver | 0.19 | | 
¢»Pb?2?° 7.1 x 108} Total body | 0.045 | 1.0 | 0.045 0,027 | 0.045 | 0.019 
Lung (insol.)| 0.027. | 1.0 | 0.027 
Kidney | 0.023 | 1.0 | 0,023 
| Bone 0.051 | 10 | 0.051 | | 
Liver 0.027 | 1.0 | 0.027 | 
Bi2?° 5.0 | Total body | 0.40 | 0.50 | 0.20 (040 | 0.40 | 0.40 
T12% | Lung (insol.)| 0.40 0.96 0.38 
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| 
| Half-life 
Radionuclide |( 7, in days) 


Effective energy for organs of reference 


_ Eff. energy, 2E(RBE), 


(E in MeV) 
for portions of GI tract 


SE(RBE)n | 
(Ein MeV) 


Organs of 
reference 


F 


SEF(RBE)n_ 
| (Ein MeV) | 


0.042 


0.40 
2.0 
0.40 


Kidney 
Bone 

Liver 
Total body | 
Lung (insol.)| 
Kidney 
Bone | 
Liver | 


| 
| 


bo 
au uv 
ann un as 


ys 


0.54 
0.72 
0.76 
0.090 
0.44 
0.18 
0.10 
0.18 


Total body | 
Lung (insol.)| 
Kidney 
Bone 

Liver 


Totals for Chain 


Total body 
Lung (insol. )| 
Kidney 
Bone 

Liver 

Total body 
Lung (insol.)| 
Kidney 

Bone 

Liver 


410 


83 


Total body | 
Lung (insol.)| 
Kidney 
Bone 

Liver | 


| 


Totals for Chain 


82 
83 
81 


| 410 


83 


| 0.53 0.53 


0.29 | 0.22 


Total body | 0.40 
Lung (insol.)| 0.40 
Kidney | 0.40 
Bone | 2.0 
Liver 0.40 
Spleen | 0.40 
Total body | 

Lung (insol.)| 
Kidney 
Bone 
Liver 


Spleen 


bo 
Yona 
Iaanuw4aw4»n 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.18 
0.46 
0.33 
0.14 
0.23 
0.30 


0.40 
0.40 
0.40 
2.0 
0.40 
0.40 
9.9 

25 

18 

39 

13 

17 


Total body | 
Lung (insol.)| 


Totals for Chain 


10 
26 
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| __ Eff. energy, SE(RBE), 


Effective energy for organs of reference (E in MeV) 
| Half-life for portions of GI tract 
Radionuclide |( 7, in days) 
_ Organs of | JE(RBE)n | \LEF(RBE)n | | | 
Reference (Ein MeV) | F | (Ein MeV) S | SI | LI 
Kidney | 19 | | 
pe Totals for Chain | c | | 
Spleen | 17 
asAt222 ) 0.30 | Total body 611 10 61 0.59 0.59 | 0.59 
Lung (insol.) 61 1.0 «61 | 
Thyroid 61 1.0 | 61 
$41% Ovary 61 1.0 61 
Spleen 61 1.0 61 
Bi? 2.9 x 10° Total body 1.0 0.0017 0.0017 0.45 | 1.0 | 0.24 
roe | Lung (insol.) 0.45 0.040 0.018 
Thyroid 0.15 3.4 x 10-4 |5.1 x 10-5 
Ovary 0.15 0.0017 (2.6 x 10-4 | 
Spleen 0.33 0.0034 0.0011 
| Total body | 61 
Lung (insol.) 61 
Thyroid Totals for Chain 61 
Ovary 61 
Spleen 61 | | 
gsRa2? 3.64 Total body | 194 1.0 | 194 1.9 | 1.9 1.9 
mnt Lung (insol.), 194 1.0 194 | 
Po?!6 Bone 194 1.0 | 194 
Pb?!2 0.44 Total body 0.29 1.0 0.29 0.24 | 0.29 0.22 
Lung (insol.) 0.24 1.0 | 0.24 
Bone | 0.22 | 1.0 | 0.22 
Bi??? 0.042 | Total body | 83 0.99 | 82 18 | 2.2 1.7 
Po?!2 Lung (insol.)| 83 1.0 | 83 | 
T1208 | Bone | 82 | 1.0 | 82 
| | Total body | 280 | | 
| Lung (insol.) Totals for Chain 280 | 
| | Bone | 280 | | 
geRa?2 | 5.9 x 105| Total body | 49 1.0 49 0.48 | 048 | 0.48 
| Bone 49 1.0 49 
Rn??? 3.83 | Total body | 200 | 0.30 60 |35 (44 | 3.2 
Po2!s | | Bone 200 0.30 60 
Pb2"4 | 
Bi244 
Po2'4 | 
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Radionuclide 


Pht ; 


Biz10 
T]206 


Po2!° 


Pb?2!2 


Bi2!2 
Po2 12 
TI? 


Half-life 


(T, in days) 


103 | 


5.0 


138.4 


12.4 » 


0.26 


/ 700 


3.64 


0.44 


0.042 


< 108 


Total body 


Effective energy for organs of reference 


Eff. energy, SE(RBE), 
(E in MeV) 


_ for portions of GI tract 


Organs of 
Reference 


| SE(RBE)n 


F 


\DEF(RBE)n| 
(Ein MeV) | 


Total body | 
| Bone 
| Total body 
| Bone 


Total body 
Bone 


0.045 
0.019 
0.40 
0.40 


| (Ein MeV) | 


0.051 
0.087 
0.025 
0.063 


0.0046 
0.0091 


| 09,0023 
0.0016 
0.010 
0,025 


0.25 
0.50 


Total body 
Bone 


103 | Total body 


Lung (insol.) 
Bone | 
Total body 
Lung (insol.)| 
Bone | 

| Total body 
Lung (insol.)! 
Bone 
Total body 
Lung (insol.)| 
Bone 


Total body 
Lung (insol.)| 
Bone 
Total body 

Lung (insol.) 
Bone 


Totals for Chain 


0.0046 
0.0046 
0.0046 
1.1 
0.74 
0.62 

56 

56 

56 


194 
194 
| 194 


0.28 
0 
0 


83 
83 
| g2 


Total body | 
Lung (insol.)) 
Bone 


Lung (insol.)! 
Bone 

Liver 
Kidney 
Total body 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.99 
0.68 
0.99 
0.62 
0.44 
0.50 


0.62 
0.44 
0.50 
0.62 
0.44 
0.50 


Totals for Chain 


0.63 
0.63 
3.1 

0.63 
0.6% 


62 


110 
110 


0.027 | 0.045 | 0.019 


0.40 0.40 0.40 


0.53 0.53 ° | 0.53 


0.0046 | 0.0046) 0.0046 0.0046 


0.0046 
0.0046 
1.1 
0.74 
0.62 


160 


0.66 
0.63 
3.1 
0.63 
0.63 
62 
60 


0.74 1.1 0.62 


{ 


0.54 0.54 0.54 


0.29 


0 99 


0.019 


0.019 | 0.019 


0.64 0.69 0.62 


Lung (insol.) 
Bone 

Liver 
Kidney 
Total body 
Lung (insol.) 


61 
307 
61 


0.50 
0.60 


307 
61 
61 

| 137 
| 165 
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| Eff. energy, 2E(RBE), 


Effective energy for organs of reference (E in MeV) 


Half-life for portions of GI tract 
Radionuclide |(T, in days) | 
| Organs of | SE(RBE)n ZEF(RBE)n 
reference (Ein MeV) F (Ein MeV) S SI 
Po?! | Bone 1370 0.50 | 687 
Pb??? | Liver 275 1.7 x 10-* | 0.047 
Bi?! | Kidney 275 | Q.0011 0.29 
T1207 
Po2!! | 
Total body — 200 
Lung (insol.) | 230 
Bone Totals for Chain 1000 
Liver 62 
Kidney 62 
| 
goAc??* 0.26 Total body 1.1 1.0 1.1 0.74 Ll | 0.62 
Lung (insol.)) 0.74 1.0 | 0.74 | 
Bone 2.6 1.0 | 2.6 
Kidney 0.67 1.0 | 0.67 
Liver 0.74 1.0 0.74 
Th? 700 Total body 56 0.99 55 0.54 0.54 | 0.54 
Lung (insol.) 56 0.68 38 
Bone 279 0.99 | 276 
Kidney 56 0.97 54 
Liver 56 0.99 55 
Ra?*4 3.64 Total body | 194 0.62 | 120 1.9 1.9 119 
Rn??° Lung (insol.) 194 0.44 | 85 
Po?! Bone 971 0.50 486 | 
Kidney 194 0.0016 0.31 
Liver 194 26x 10-4 | 0.051 
Pb?!2 0.44 Total body | 0.29 0.62 | 0.18 0.24 0.29 | 0.22 
Lung (insol.) 0.24 0.44 | 0.11 | 
Bone 1.0 0.50 | 0.50 | 
Kidney 0.23 | 00016 |3.7 x 10-4 | 
| Liver 0.24 2.6 x 10-4 6.2 x 10-5 
Bi??? 0.042 Total body 83 0.62 | 51 1.8 2.2 | 1.7 
Po?!? Lung (insol.)| 83 | 0.44 36 | 
Tis Bone 411 | 0.50 206 
Kidney 82 | 0.0016 0.13 | 
Liver 83 (2.6 x 10-4 | 0.022 | 
| 
Total body 230 
Lung (insol.) 160 
Bone Totals for Chain 970 | 
Kidney 55 
Liver 56 | 
| | 
yo Th??? 18.4 Total body | 62 1.0 62 0.64 0.69 | 0.62 
Lung (insol.)| 61 1.0 61 
_ Kidney 61 1.0 61 | 
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| Half-life 
Radionuclide |( 7, in days)| 
| 


Eff. energy, 2E(RBE), 
(EZ in MeV) 


Effective energy for organs of reference 
for portions of GI tract 


Organs of | JE(RBE)n | \ZEF(RBE)n 
reference | (£in MeV) (Ei 


| 
| 
| 
} 
| 
| 
| 
| 


| Liver 61 
| Bone 307 
| Total body | 275 
| Lung (insol.)| 275 


| | 2 
| | 
| | 
Kidney 275 X | 
| 


| 3.7 


Liver 275 
| Bone 1370 


| Total body 
Lung (insol.) 
| Kidney Totals for Chain 
| Liver 
Bone 


Total body 
Lung (insol.) 
Bone | 
| Kidney 
Liver 
Total body 
Lung (insol.) | 
| Bone ¢ ‘ | 485 
| Kidney 5 0.33 
| Liver | 2. 0.051 
| Total body ; . 0.18 | 0.24 
| Lung (insol.) ‘ ’ 0.16 
Bone : 3 0.50 
Kidney . ' 3.9 x 10-4 | 
| Liver ‘ | 2. 6.2 x 10-5 | 
0.042 Total body 
Lung (insol.) 
Bone 


| Kidney 0.0017 
| Liver 26x 10 | 0.021 


| Total body 230 
Lung (insol.) 240 
| Bone Totals for Chain 970 
| Kidney 56 
Liver 56 


Total body 0.14 
| Lung (insol.) d 0.11 
| Bone 0.33 


REPORT OF COMMITTEE TWO 


Eff. energy, 2E(RBE), 
Effective energy for organs of reference (E in MeV) 
| Half-life | | for portions of GI tract 
Radionuclide |( 7, in days) — 
| Organs of | YE(RBE)n SLEF(RBE)n 
| reference | (Ein MeV) F (Ein MeV) S | SI LI 


| Kidney 1.0 | 0.10 

Liver | ; 1.0 | O11 

Pa?! 3 x 10? | Total body | 8.4 x 10-4 0.043 
Lung (insol.) 9.2 x 10-* |4.7 x 10-4 
Bone . ; 9.0 x 10-4 | 0,23 

| Kidney | : 86x 10-* 0.044 
Liver : 8.8 x 10-4 | 0,045 


Total body | 0.18 
Lung (insol.)) | O11 
Bone Totals for Chain | 0.56 
Kidney 0.14 
| Liver | 0.16 


oo Lh??? 5.1 x 1012) Total body | 41 1.0 | 41 
Lung (insol.) 41 1.0 | 41 
Bone 205 1.0 205 
| Kidney 41 | 1.0 | 41 | 
| Liver 41 | 1.0 | 41 | 
| 2.4 x 10% Total body 0.0046 0.094 4.3 x 10-4 0.0046 0.0046 | 
| Lung (insol.)| 0.0046 | 0.032 | 1.5 x 10-8 
Bone 0.023 | 0.074 | 0.0017 
| Kidney 0.0046 |9.7 x 10-® 4.5 x 10-8 
Liver 0.0046 1.5 x 10-* |6.9 x 10-° 
| Total body 1.1 | 0.094 | 0.10 
| Lung (insol.)) 0.74 | 0.032 | 0.024 
| Bone 2.6 0.074 | 0.19 
| Kidney 0.67 9.7 x 10-* |6.5 x 10-8 
| Liver 0.74 11.5 x 10-* | 1.1 x 10-* 
Total body 56 | 0.088 |; 4.9 
Lung (insol.) 56 | 0.021 1.2 
Bone | 279 | 0.069 19 
| Kidney | 56 9.0 x 10-8 |5.0 x 10-4 
| Liver 56 11.4 x 10-* |7.8 x 10-5 
| Total body | 194 0.056 11 
Lung (insol.)| 194 | 0.014 NS | 
Bone 971 | 0.035 | 34 
| Kidney | 194 |1.5 x 10-19/2.9 x 10-8 
| Liver | 194 3.8 x 10-1°/7.4 x 10-8 
| Total body | 0.29 | 0.056 | 0.016 29 | 0.22 
| 


0.0046 


| Lung (insol.)} 0.24 0.014 0.0034 
Bone r 38 | 0.035 0.035 
| Kidney | 0.23 1.5 x 10-1°|3.5 x 1071! 
| Liver | 0.24 3.8 x 10-19}9.1 x 10-4 
0.042 | Total body | 83 0.056 4.6 
| Lung (insol.)) 83 | 0.014 1.2 
| 
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Radionuclide 


Half-life 
(T, in days) 


Effective energy for organs of reference 


| Eff. energy, E(RBE), 


(EZ in MeV) 
for portions of GI tract 


Organs of 
reference 


SE(RBE)n 
(Ein MeV) 


F 


SEF(RBE)n 
(Ein MeV) 


SI 


| 
| 
| 


LI 


| Bone 
| Kidney 


| Liver 


411 
82 
83 


0.034 
1.5 x 10-1 
3.8 x 10-19 


14 
1.2 x 10-8 
3.2 x 10-8 


| Lung (insol.) 
, Bone 
| Kidney 


| Liver 


Total body 


Totals for Chain 


+ 80% 


5.9 x 105 


| Total body 


2.9 x 10? | 
| Lung (insol.) 
| Kidney 
| Bone 


| Lung (iasol.) 


Bone 


Lung (insol.) 
Kidney 
Bone 

Total body 


Total body 


Kidney 


10-4 | 
10-5 | 
10-4 | 
10-4 | 
¢ 10-7 | 
10-9 | 
10-11 | 
10-7 | 


0.048 
0.020 
0.015 
0.011 
0.019 
0.0023 
0.016 
0.097 
1 xX 


0.020 | 


0.48 


ae x 107-7 | 


6.4 x 107-19 


8.4 x 10-6 


| Lung (insol.) 
| Kidney 
| Bone 


Total body 


Totals for Chain 


0.067 
0.022 
0.031 
0.11 


| 


. 


20% 


| Total body 


| Bone 

| Kidney 

| Total body 
| Lung (insol.)} < 


7.1 x 103 | 
Lung (insol.) 
| Bone 
| Kidney 


Lung (insol.) 


Bone 


Kidney 


Total body 


Total body 


| Lung (insol.)| 
| Bone | 


Kidney 


| Total body | 


0.045 
0.027 
0.051 
0.023 
0.40 
0.40 
2.0 
0.40 
55 


1.0 
1.0 
1.0 
1.0 
0.83 
0.85 
0.93 | 
0.42 


ou | 
0.014 
0.32 
0.029 
0.071 | 
0.014 | 
0.23 | 
0.016 | 
0.013 | 


0.13 
0.13 
0.64 
0.13 
289 
296 
1618 


| 146 


0.0063 
3.8 x 10-4 
0.016 
6.7 

0.028 
0.0056 
0.46 
0.0064 
0.72 


| 0.13 


| 0.027 


x 10-4 | 


| 0.40 


0.045 


| 0.40 


| 0.53 


| 


0.019 


0.40 


| 0.53 
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Effective energy for organs of reference (E in MeV) 
Half-life | for portions of GI tract 
Radionuclide |( 7, in days) 
| | Organs of 


| | Eff. energy, SE(RBE), 
| | 


"SE(RBE)n | _DEF(RBE)n 


Lung (insol.), 


| 


55 
275 
55 


| Reference | (E in MeV) )| EinMeV)| S| SI LI 


| Total body 
Lung (insol.) 
| Bone 
Kidney 


Totals for Chain 


| 
| 
| 
' 


1.3 = 107 | Total body | 52 1.0 
| Lung (insol.)) 51 | 1.0 
Kidney | Sl | 1.0 
Liver | $l | 1.0 
| Bone | 257 1.0 | | 
8.0 x 10% Total body 0.63 0.45 ‘ 0.019 | 0.019 | 0.019 
Lung (insol.)} 0.63 0.015 0.0095 
Kidney | 0.63 0.45 0.28 
_ Liver | 0.63 0.20 0.13 
Bone 3. 0.49 1.5 
Total body | 6 | 0.45 28 
Lung (insol.)| 0.015 | 0.92 
Kidney | 6 | 0.45 28 
Liver | 0.20 | 12 
_ Bone : 0.49 | 150 
Total body s | 0.23 | 63 
Lung (insol.), 27% | 0.0087 2.4 
Kidney § 148 x 10-4 | 0.13 
Liver 3.3.x 10-5 | 0.0091 
Bone | 0.25 | 343 


Total body | 140 
Lung (insol.) 54 
| Kidney Totals for Chain | 79 
| Liver | | 63 
| Bone | 750 


9230 20. Total body | 348 | 348 
Th?226 Lung (insol.)) 348 | 348 
Ra*** Kidney | 348 : 348 
Rn?}8 Bone 11740 ‘ 1740 
Po24 | | 


Pb210 7.1 x 10%) Total body | 0.045 | 0.17 | 0.0077 0.027 | 0.045 | 0.019 


Lung (insol.); 0.027 | 0.017 | 4.6 x 10-* 
Kidney | 0.023 | 0.070 | 0.0016 | 
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Radionuclide 


Half-life | 


Effective energy for organs of reference 


Eff. energy, 2E(RBE), 
(E in MeV) 
for portions of GI tract 


(T,in days), 
| 


Organs of 
Reference 


ZE(RBE)n | 


(Ein MeV) | BF 
| 


XEF(RBE)n 
(Ein MeV) 


| 
| LI 
| 


| Bone 


Total body 


| Lung (insol.) 
| Kidney 

| Bone 

| Total body 

| Lung (insol.) 


Kidney 


| Bone 


0.051 0.34 
0.40 | 0.085 
0.40 | 0,016 
0.40 0.038 
2.0 0.25 
55 0.015 
55 0.0074 
55 0.013 
275 0.035 


0.017 
0.034 
0.0064 
0.015 
0.50 
0.83 
0.41 
0.72 
9.6 


Total body | 


Lung (insol.) 


| Kidney 
| Bone 


| 
| 


Totals for Chain 


350 
350 
350 
1800 


| 0.40 


2.7 x 104 | 


Total body 


| Lung (insol.) 
| Kidney 
| Bone 


Total body | 
Lung (insol.)| 
| Kidney 
| Bone 

Total body | 
| Lung (insol.) 


Kidney 
Bone 


| Total body 


| Lung (insol.)| 


0.042 


Kidney 
Bone 


| Total body | 


Lung (insol.) 
Kidney 


Bone 


| 
| 
| 
| 
} 
| 


1.0 
1.0 
1.0 
1.0 
0.99 
0.68 
0.97 
0.99 
0.62 
0.44 
0.0017 
0.50 
0.62 
0.44 
0.0017 
0.50 
0.62 
0.44 
0.0017 
0.50 


bo 
YN 
Lo) eo) | 


| 


3.9 x 10-4 
0.50 
| 51 
| 36 

0.14 
206 


| 
| 
| 


| Total body | 
Lung (insol.) 


Kidney 
Bone 


| 
| 
| 
| 
| 


Totals for Chain 


280 
210 
110 
1200 


2.6 x 1011) 


Total body 


| Lung (insol.) 


_ Kidney 


Bone 


| Total body 


| Lung (insol.) 


46 
46 
46 
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| Eff. energy, SE(RBE), 
Effective energy for organs of reference (E in MeV) 
Half-life for portions of GI tract 
Radionuclide |( 7, in days) | 
| Organs of | YE(RBE)n | \SEF(RBE)n 
reference | (£in MeV) : F | (Ein MeV) S | SI LI 
Kidney 0.10 1.0 0.10 | 
Bone 0.33 1.0 0.33 
Total body | 46 
— Totals for Chain | 7 
Bone | 230 | 
osNp2”” 8.0 x 108 | Total body | 49 1.0 | 49 0.50 | 0.52 0.49 
| Lung (insol.)| 49 1.0 | 49 
| | Bone 247 1.0 | 247 
| Liver 49 1.0 | 49 
| Kidney 49 | 1.0 | 49 | 
Pa?33 | 27.4 | Total body 0.32 | 0.32 0.18 0.32 0.13 
| Lung (insol.)} 0.18 0.81 | 0.15 
' Bone | 0.41 1.0 _ 041 
Liver 0.18 1.0 0.18 
Kidney 0.15 1.0 0.15 
| | Total body 49 
| | Lung (insol.) | 49 
| Bone Totals for Chain 250 
| Liver 49 
| Kidney 49 
| | — 
osNp?*? | 2.33 | Total body | 0.22 1.0 | 0.22 0.16 | 0.22 | 0.14 
Putso= | | Lung (insol.)| 0.16 | 1.0 | 0.16 
| Bone - 0.63 1.0 | 0.63 
| Kidney 0.15 1.0 0.15 
| Liver 0.16 1.0 0.16 
Pat 8.9 x 10° | Total body | 53 0.0013 | 0.069 0.52 | 0.52 | 0.52 
_ Lung (insol.)| 53 4.1 x 10-5 | 0.0022 
| Bone | 266 0.0013 | 0.35 
| Kidney 53 0.0012 0.064 
| Liver 53 0.0012 | 0.064 
Total body | | 0.29 
Lung (insol.)| | 0.16 
| | Bone Totals for Chain | 0.98 
| | Kidney | | 0.21 
| Liver 0.22 
ygPu2t /4.8 x 10°| Total body | 0.014 | 1.0 | 0.014 0.011 | 0.012 0.010 
Lung (insol.)| 0.013 1.0 0.013 
Bone | 0.048 | 1.0 0,048 
Kidney | 0.012 | 1.0 0.012 


| Liver | 0.013 1.0 0.013 | 
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Eff. energy, SE(RBE), 


| 
Effective energy for organs of reference (EZ in MeV) 
Half-life | for portions of GI tract 


Radionuclide (7, in days) 


Organs of | XE(RBE)n | XEF(RBE)n 
reference | (Ein MeV) F (Ein MeV) S | SI | LI 


0.041 2.3 0.56 | 0.59 
7.1 x 10-4 0.040 

0.048 14 

0.043 2.5 

0.018 1.0 


Total body 
Lung (insol.) 
Bone 

Kidney 
Liver 


~) 
amauv 


t 
nu 
sIs1 OQ SJ SI 


Total body 2.3 
Lung (insol.) 0.053 
Bone Totals for Chain 14 
Kidney 2.5 
Liver 1.0 
Total body 54 54 

Lung (insol.) 54 54 

Bone 272 272 

Kidney 54 54 

Liver 54 54 

Total body 0.22 0.22 0.16 0.22 
Lung (insol.) 0.16 0.16 

Bone 0.63 0.63 

Kidney 0.15 0.15 

Liver 0.16 0.16 

Total body 53 3 x 0.039 

Lung (insol.), 53 0 x 0.0021 

Bone 266 0.20 

Kidney 53 +e" 0.036 

Liver 9.1 » 0.048 


Total body 54 
Lung (insol. 54 
Bone Totals for Chain 270 
Kidney 54 
Liver 


Total body 1.0 
Lung (insol. 3 1.0 
Liver 1.0 
Bone 31é 1.0 
Kidney N 1.0 
Total body 57 0.29 
Lung (insol.) 57 0.011 
Liver 5 0.26 
Bone 2 0.29 
Kidney 0.27 


Total body Totals for Chain 
Lung (insol.) 
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| Eff. energy, 2E(RBE), 
Effective energy for organs of reference (Z in MeV) 
Half-life | for portions of GI tract 
Radionuclide |( 7, in days) l 
Organs of | SE(RBE)n |ZEF(RBE)n| 
reference | (Ein MeV) F (EinMeV)| S SI Li 
Liver 78 
Bone Totals for Chain 400 
| Kidney 78 
ogcm?#3 | 1.3 x 10*| Total body | 1.0 | 60 0.64 | 0.71 | 0.61 
 s aeneee Lung (insol.) ms 1.0 60 
Bone ) 299 1.0 299 
Liver | 60 | 1.0 | 60 
| Kidney | 60 1.0 | 60 
Pu?3* 8.9 x 10° | Total body | 53 8.2 10-4 | 0.043 0.52 | 0.52 0.52 
| Lung (insol.)} 53 4.1 x 10-5 | 0.0022 
| Bone 266 7.9 x 10-4 | 0.21 | 
| Liver 53 (9.7 x 10-* | 0.051 | | | 
| | Kidney 53 (7.7 x 10-* | 0.041 | 
| | | | 
| | Total body | 60 | 
| | Lung (insol.) | 60 
| Bone Totals for Chain | 300 
Liver 60 
| | Kidney | 60 | | 
gsm 244 |6.7 x 108 | Total body | 60 1.0 | 60 0.58 | 0.59 | 0.58 
| Lung (insol.)| 60 | 1.0 | 60 | 
Bone 299 | 1.0 299 
Liver 60 «10 60 | 
Kidney 60 | 1.0 60 
Pu4e 2.4 x 10®| Total body | 53 | 0.0033 0.17 (0.52 | 0.52 | 0.52 
Lung (insol.)| 53 (1.5 x 10-4 0.0080 | | 
Bone 266 | 0.0033 0.88 | 
Liver 53 | 0.0037 0.20 
Kidney 53 | 0.0031 0.16 
Total body 60 
Lung (insol.) 60 | 
Bone Totals for Chain 300 
Liver 60 
Kidney 60 
gem "45 7.3 x 10° | Total body | 55 | 1.0 55 0.56 | 0.59 | 0.55 
Lung (insol.)| 55 1.0 55 | 
Bone 277 (1.0 277 | 
Kidney 55 | 1.0 55 
Liver 55 | 1.0 55 
Pu*! 4.8 x 10% | Total body 0.014 | 0.65 0.0091 | 0.011 | 0.012 | 0.010 
| Lung (insol.)) 0.013 | 0.071 |9.2 x 10-4 | | 
| Bone 0.048 0.63 0.030 
| | 
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Radionuclide 


Half-life 


Effective energy for organs of reference 


Eff. energy, E(RBE), 
(EZ in MeV) 
for portions of GI tract 


(T, in days) 
Organs of 
reference 


| | 


ZEF(RBE)n 
(FE in MeV) 


ZE(RBE)n 


Kidney 
Liver 

Total body 
Lung (insol.) 
Bone 
Kidney 
Liver 


1.7 x 105 


} 


0.0076 
0.010 
0.97 
0.0086 
5.1 
0.97 
0.68 


Total body 
Lung (insol.)| 
Bone | 
Kidney 
Liver 


56 
55 
280 
56 
56 


Totals for Chain 


290 Total body | 
Lung (insol. )| 
Bone 
1.7 x 105 | Total body 
| Lung (insol.)| 
| Bone | 


0.026 0.026 
0.026 
0.13 
3.8 
0.043 


20 


1.0 

1.0 

1.0 

| 0.064 | 
17.1 x 10-4 
0.065 


| 0.026 


0.026 | 

0.026 

0.13 
60 
60 


| 0.76 | 0.63 


301 | 


| Total body | 
| Lung (insol.)/ 


Totals for Chain 


| Bone | 


3.7 x 108 | Total body | 
| Lung (insol.) 

Bone 
| Total body | 
Lung (insol.) 
| Bone 


2.4 x 108 


278 


62 | 

62 | 
310 

56 | 

56 


1.0 

1.0 

1.0 

0.0032 | 

15.0 x 10-5 | 
0.0037 | 


| Total body | 
| Lung (insol.)' 


Bone 
| | 


Totals for Chain 
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Table 6. Element distribution in total body of the standard man 
(Average chemical composition of the adult human body) 


Approximate amount 
Element | Per cent by in 70 kg man 

weight | (g) 
Oxygen (O) 65.0 45,500 
Carbon (C) 18.0 12,600 
Hydrogen (H) 10.0 7000 
Nitrogen (N) 3.0 2100 
Calcium (Ca) 1.5 1050 
Phosphorus (P) 1.0 700 
Sulfur (S) 0.25 | 175 
Potassium (K) 0.2 140 
Sodium (Na) 0.15 | 105 
Chlorine (Cl) 0.15 105 
Magnesium _— (Mg) 0.05 | 35 
Iron (Fe) 0.0057 | 4 
Zinc (Zn) 0.0033 | 2.3 
Rubidium (Rb) 0.0017 1.2 
Strontium (Sr) 2x 10-* | 0.14 
Copper (Cu) 1.4 x 10-4 | 0.1 
Aluminum (Al) 1.4 x 10-4 | 0.1 
Lead (Pb) Ll x 10-4 | 0.08 
Tin (Sn) 4.3 x 10-5 | 0.03 
Iodine (I) 4.3 x 10-5 | 0.03 
Cadmium (Cd) 4.3 x 10-° 0.03 
Manganese (Mn) 3 x 10-5 0.02 
Barium (Ba) 2.3 x 10-* | 0.016 
Arsenic (As) <14 x 10“ | <0.1 
Antimony (Sb) <1.3 x 10-4 <0.09 
Lanthanum (La) 7x 10-* <0.05 
Niobium (Nb) <7x ew <0.05 
Titanium (Ti) <tix we <0.015 
Nickel (Ni) <1.4 x 10-° <0.01 
Boron (B) <1.4 x 10° <0.01 
Chromium (Cr) <8.6 x 1078 <0.006 
Ruthenium (Ru) <8.6 x 1078 <0.006 
Thallium (Tl) <8.6 x 107° <0.006 
Zirconium (Zr) <8.6 x 107% <0.006 
Molybdenum (Mo) <7 x <0.005 
Cobalt (Co) <4.3 x 10-* <0.003 
Beryllium (Be) <3 x 10-6 <0.002 
Gold (Au) <1.4 x 107° <0.001 
Silver (Ag) <1.4 x 107% <0.001 
Lithium (Li) <1.3 x 10-* <9 x 10-* 
Bismuth (Bi) <4.3 x 1077 <3 x 10-¢ 
Vanadium (V) <1.4 x 107? <10-4 
Uranium (U) 3 x 10-8 2x 10-5 
Cesium (Cs) <1.4 x 10-8 <10-* 
Gallium (Ga) <3 x 10-° 25 
Radium (Ra) 1.4 x 10-8 10-1° 
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Table 7. Elements in the body organs of standard man* (ug/g of wet tissue) 


Elements 


Tissue 


Ag / | Au | B Ba Be bi Ca | Cd 


Adrenal (6) 0.016| 0. <1.4 | <0.16|<0.11| 0.025|<0.01 |<0.05 44 |<04 
Aorta (75) 0.015} 0. <2.8 <0.2 |<O.1 | 0.15 |<0.03 |<0.15 970 |<06 
Blood 50 | 
Bone (99) <0.1 y 0.010)|<2.5 |<3 1.63 148000), N.D. 
Brain (94) 0.045 , <4 <0.13 | <0.14|<0.01 |<0.04 |<0.05 110 |<0.9 
Breast (7) <0.002 , <2.5 <0.09| <0.08| 0.015 |}<0.03 | <0.03 <0.2 
Gastrointestinal | 
tract | 
Esophagus (39) | <0.004 ; <2.1 <0.08 | <0.07| 0.05 |<0.02 | <0.03 <0.5 
Stomach (88) |<0.006| 0. <1.7 | <0.07|<0.14| 0.038}<0.02 |<0.5 '<0.43 
Duodenum (51) |<0.006} 0. <1.7 |<0,07|<0.06| 0.038|<0.02 |<0.12 <0.56 
Jejunum (66) |<0.004| 0. <2.1 | <0.13}<0.12| 0.04 |<0.02 |<0.5 <0.6 
Ileum (68) <0.005 <0.9 <0.1 |<0.04| 0.088}<0.01 |<0.04 | <26.0 
Cecum (31) <0.009 $ <1.2 <0.09|}<0.05} 0.12 }<0.01 |<0.1 | <0.32 
Sigmoid 
colon (72) | <0.007 ‘ <0.9 <0.05 |<0.04| 0.09 |<0.01 |<0.04 
Rectum (33) |<0.004| 0. <0.9  |<0.03|<0.03| 0.054|<0.01 |<0.07 
Heart (96) <0.006 , |<2.6 <0.09|<0.09} 0.01 |<0.03 |<0.04 
Kidney (102) <0.01 ' | 0.03)| <0.12|<0.12| 0.027|<0.03 | <0.02 
Larynx (31) <0.015 R <4 <0.13|}<0.13| 0.215|}<0.04 |<0.08 
Liver (102) 0.018 A 0.1) |<0.12 | <0.14 | <0.013 | <0.03 | <0.07 
Lung (102) <0.008 0.091%) | <0.08 | <0.09} 0.183 |}<0.02 |<0.04 
Muscle 
Diaphragm (42)| <0.004 5 <1.8 <0.06 | <0.06 | <0.03 | <0.018 | <0.05 
Pectoral (21) <0.005 A <2.7 <0.09 | <0.09 | <0.011 |<0.03 |<0.04 
Psoas (86) <0.007 ; <3.0 <0.10 | <0.10 | <0.014 | <0.03 | <0.05 
Omentum (35) 0.002 : <0.26 <0.01 | <0.01 | <0.026 | <0.003 | <0.12 
Ovary (9) <0.005 ‘ 0.01% )| <0.07 | <0.09| 0.04 |<0.03 |<0.04 | 0.330) 
Pancreas (95) |<0.007| 0. <2.4  |<0.11}<0.11| 0.026|<0.02 !<0.06 
Prostate (27) 0.021} 0. <2.9 |<0.2 |<0.15| 0.05 |<0.03 |<0.04 
Skin (18) 0.013 : <1.2 <0.05 |<0.12} 0.161|<0.01 |<0.03 | <0.28 
Spleen (97) <0.006 : 0.02(%)|<0.1 | <0.12 | <0.022 |<0.03 | <0.052 | <0.74 
Testis (53) <0.005 “ 0.040%) |} <0.11|<0.09} 0.011}<0.03 | <0.08 |<0.6 
Thymus (2) 0.002| 0.23 |<1.2 |<0.04|<0.04} 0.009|<0.01 | <0.02 | <0.28 
Thyroid (11) <0.04 ; <3.1 <0.1 | <0.1 0.26 |<0.03 |<0.1 2 pew: 
Tongue (3) <0.005| 0.62 <3.2 <0.11}<0.11} 0.04 |<0.03 |<4.4 |<0.75 
Trachea (35) <0.02 1.85 <3.4 <0.47 | <0.13} 0.113|}<0.03 | <0.19 <0.8 
Urinary 
bladder (70) |<0.003} 0.61 |<1.4 <0.1 |<0.11} 0.03 |<0.01 |<0.02 | <0.38 
Uterus (17) <0.005| 0.44 <2.6 <0.09|<0.09! 0.05 |<0.03 | <0.04 }<0.61 
Vagina (7) <0.005!} 0.3 <2.6 <0.09!<0.09! 0.03 |<0.03 |<0.04 1|<0.58 


* Unless otherwise indicated all of these values are taken from the studies of Tipton et al. (Ti-1 through 
Ti-7) see bibliography. The number in parentheses after the name of the tissue indicates the number of 
samples of that tissue analyzed. Reports consulted were by Tietz et al., Strrcn#, SowpeN and Strrcu, Kocu, 
SHELDON et al. and KEeHoer é al. (See further references on next two pages.) 


(N) Determined by neutron activation (Led- 1 see bibliography). 
(F) Determined by flame photometry (Gro- 1, see bibliography). 
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| Elements 
Tissue 
Cl Co Cr Cs Cu F Fe Ga I K La 
Adrenal (6) <0.04 0.07 | <0.7 1.1 43 <0.0905 1100 |<0.4 
Aorta (75) <0.07 0.06 | <1.4 1.3 46 <0.009 1370 |<0.9 
Blood 320(8) 1(S) | 0.3¢S) 0.5(S) 390(S) 11 
Bone (99) 1700() | 0.6) |<0.49| 6) 0.6 |200(4)} 115 0.3(2) | 880 
Brain (94) 1300(£) |<0.05 | <0.01| <0.03 5.8 |0.5(2) | 48 <0.01 |0.1() | 3300 |<1.3 
Breast (7) <0.02 0.03 0.36 4.4 <0.003 310 | <0.3 
Gastrointestinal 
tract 600 0.4(2) 
Esophagus (39) <0.03 0.05 | <0.01 1.3 34 <0.007 1510 | <0.7 
Stomach (88) <0.04 0.03 | <0.01 1.7 29 <0.006 1520 | <0.6 
Duodenum (51) <0.04 0.03 2.3 39 <0.006 1520 | <0.6 
Jejunum (66) <0.04 0.03 | <0.02 2 33 <0.007 1600 | <0.7 
Tleum (68) <0.04 0.04 1.9 28 <0.003 1230 | <0.3 
Cecum (31) <0.26 0.047 1.4 23 <0.004 1060 | <0.4 
Sigmoid 
colon (72) <0.1 0.05 | <0.01 1.5 21 <0.003 1320 | <0.3 
Rectum (33) | <0.06 0.04 1.2 28 <0.003 1580 | <0.3 
Heart (96) | 1250(2) | <0.04 | 0.02 | <0.02 3.51 |0.5(2) | 50 <0.009 | 0.9(£) | 2500 | <0.1 
Kidney (102) 2100/2) | 0.20%) 0.03} 0.340)| 2.9 |0.8(2) | 76 <0.01 |0.2(#) | 2030 | <1 
Larynx (31) <0.05 0.07 | <0.03 1.1 | 28 <0.013 1530 |<1.3 
Liver (102) 1250(2) | 0.30) 0.02} 0.6) | 8.6 185 <0.011} 1.1() | 3100 |<1.1 
Lung (102) 2550(4) 7 0.2 0.40) | 1.3 |0.6(£) | 300 <0.011 2120 |<0.8 
Muscle | 600(4) 0.4(4) 0.9() 
Diaphragm (42) | <0.13 | 0.04|<0.3 1.35 44 <0.006 2600 | <0.6 
Pectoral (21) <0.04 | 0.03 0.71 28 <0.003 2830 | <0.9 
Psoas (86) <0.10 0.03 0.9 36 <0.01 3330 | <1 
Omentum (35) <0.01 0.04 |<0.002 | 0.34 28 <0.001 400 | <0.09 
Ovary (9) 0.02(%)} 0.14} 0.13()) 1.06 35 <0.009 | 0.9(#) | 1350 | <0.9 
Pancreas (95) 1600(£) | <0.05 0.04} 0.04 1.7 39 <0.008 | 0.5(#) | 2800 | <0.8 
Prostate (27) <0.07 0.05 | <0.02 1.4 30 <0.01 2200 | <1.0 
Skin (18) | 2600(2) | <0,02 0.33 | <0.01 0.90 16 <0.005 | 1(#) 800 | <0.4 
Spleen (97) | 1550(2) | 0.10) 0.02) 0.60%) | 1,22)0.3(2) | 330 <0.01 3500 | <1.1 
Testis (53) | 2330(2) | 0.05(%)| 0.03} 0.30) | 1 27 <0.009 2100 | <0.9 
Thymus (2) | <0.02 0.01 0.42 19 <0.004 540 | <0.4 
Thyroid (11) | 1700(2) | <0.08 0.03 | <0.02 1.1 66 <0.01 | 350(£)| 1100 | <1 
Tongue (3) | <0.04 0.06 1.43 33 <0.011 2800 | <1.1 
Trachea (35) <0.05 0.07 | <0.02 1.2 47 <0.011 2200 |<1.1 
Urinary | 
bladder (70) | <0.02 0.04 | <0.01 0.95 25 <0.005 1730 | <0.5 
Uterus (17) <0.07 0.24 | <0.02 0.95 27 <0.009 1730 | <0.9 
Vagina (7) <0.14 9).07 | 0.90 | 32 <0.009 1500 | <0.9 


(E) M. Everett, Medical Biochemistry (2nd Ed.). Hoeber, New York (1946). 
(B) E. J. Kine and T. H. Bett, The physiological and pathological aspects of silica. Physiol. Rev., 18, 329-365 


(1938). 


(S) W.S. Specror (Ed.) Handbook of Biological Data. Division of Biology and Agriculture; The National 
Academy of Sciences; The National Research Council; Wright Air Development Center Technical 


Report 56-273 (October, 1956). 
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Table 7—cont. 


Elements 


Tissue 
Mn | Mo | Na | Nb Pp 


Adrenal (6) 0.19 0.57 1000 
Aorta (75) 0.12 | <0.09 | 2400(") 1100 
Blood 0.02(s) 0.14(4) 1750(2) 380 
Bone (99) 0.003 <0.1 <1.5 | 5x 108 <2 (8x 104(2) 


Brain (94) <0.007 0.26 (<0.1 |1700()|<1.3 |<0.1 3300 
Breast (7) 0.03 |<0.03 <0.3 | <0.07 140 
Gastrointestinal 
tract 
Esophagus (39) 0.013 0.12 |<0.08) 1900(")|<0.7 | <0.09 850 
Stomach (88) 0.009 0.31 | <0.06 | 1300") |<0.6 |<0.06| 1160 
Duodenum (51) | 0.009 0.47. | <0.06 <0.6 |<0.08| 1230 
Jejunum (66) 0.009 0.61 | <0.07 | 1600(") | <0.7 |<0.06| 1460 
Ileum (68) 0.63 | <0.05 <0.3 | <0.13| 1000 
Cecum (31) 0.93 | <0.04 <0.4 0.24 680 
Sigmoid colon (72) | 0.01 0.45 | <0.03 | 16001”) | <0.3 0.15 800 
Rectum (33) 0.43 | <0.03 <0.3 0.14 760 
Heart (96) 0.008 0.19 | <0.09)}1300(")|<0.9 |<0.12| 1600 
Kidney (102) | 0.008 0.85 0.40 |2200(7)|<1 | <0.09| 1700 
Larynx (31) 0.03 0.19 | <0.13/2700(7)|<1.3 |<0.17| 1700 
Liver (102) <0.006 1.3 1.13 | 140047) |< 1.1 |<0.11} 2700 
Lung (102) '<0.03 ‘ 0.18 |<0.08| 1900(7)|<0.8 |<0.27| 1110 
Muscle 
Diaphragm (42) 


0.13 |<0.06| 1600)|<0.6 |<0.08| 1200 
Pectoral (21) 0.05 |<0.09|1900)|<0.9 |<0.11| 1440 
Psoas (86) '<0.005| 190] 0.05 |<0.1 <1 |<0.11| 1700 
Omentum (35) | 0.005) 22} 0.05 |<0.01| 350)/<0,09| 0.04| 170 
Ovary (9) 0.011 0.17 |<0.09 '<0.9 |<0.1 | 940 
Pancreas (95) <0.005 1.16 |<0.08/1400)|<0.8 |<0.09| 2500 
Prostate (27) 0.013 | 0.22 |<0.1 |2000)/<1 |<01 | 1100 
Skin (18) 0.021 | 02 |<0.05) 920)|<0.4 | 0.44) 310 
Spleen (97) <0.006 0.11 | <0.11|1200|<1.1 |<0.1 | 2200 
Testis (53) 0.009 0.14 |<0,09/2100)|<0.9 |<0,09| 1400 
Thymus (2) 0.04 |<0.04 '<0.4 |<0.04) 370 
Thyroid (11) 0.023 0.23 | <0.1 |2200))<1.0 |<O.11| 520 
Tongue (3) 0.23 | <0.11 <1. | 0.24 | 1300 | 
Trachea (35) 0.044 0.18 |<0.11}3000)/<1.1 | 0.18) 880 | 
Urinary 
bladder (70) 0.014 0.14 |<0.05/1600)|<0.5 |<0.08) 740 | 

| | 


| 
| 
| 


Uterus (17) | 0.004 0.10 |<0,09}2000)|<0.9 |<0.23| 1000 


Vagina (7) 5 | 0.09 |<0.09) <0.9 |<0.13| 6100 


(R) F.W.SunpERMAN and F. BoreRNER, Normal Values in Clinical Medicine. Saunders, Philadelphia (1950). 

(H) J. B. Hursu and A. A. Gates, Body radium content of individuals with no known occupational exposure. 
Nucleonics 7 No. 1, 46-59 (1950) ; and R. F. PALMER and F. B. Queen, Normal abundance of radium in 
cadavers from the pacific northwest. Amer. 7. Roentgenol. Ra. Ther. and Nuc. Med. 79, 521-529 (1958). 

(W) B. Harrow, Textbook of Biochemistry (3rd Ed.). Saunders, Philadelphia (1943). 

(G) L. S. GoopMan and A. Gitman, The Pharmacological Basis of Therapeutics (2nd Ed.). MacMillan, New 
York (1955). 
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Table 7—cont. 


Elements 
Tissue P 
Ru Sb Si Sn Sr Te Ti Tl V | Z Zr 

Adrenal (6) <0.05 | <0.9 125(4)) 0.19 0.02 <0.13 | <0.05 | <0.005| 8.4 <0.5 
Aorta (75) <0.09 | <2.8 0.41 0.43 <0.17 | <0.09|<0.01 | 26 <0.9 
Blood 2.5(8) | 0.23¢8) 9.315) 
Bone (99) 0.209) <1.3 15 32114) | <1 <1.5 | 66 
Brain (94) <0.13 | <4.0 26(8)) <0.1 0.04 <0.15 | <0.13|<0.01 | 13 <1.3 
Breast (7) <0.04 | <2.5 0.26 0.06 <0.05 | <0.04|<0.004| 2.8 |<04 
Gastrointestinal 

tract 41(8) 

Esophagus(39) <0.07 | <2.1 0.8 0.1 <0.12 | <0.07 | <0.007 | 22 <0.7 
Stomach (88) <0.06 | <1.7 0.35 0.12 <0.07 | <0.06 | <0.012 | 18 <0.6 
Duodenum (51) | <0.06 | <1.7 0.54 0.12 <0.08 | <0.06 | <0.007 | 20 <0.6 
Jejunum (66) <0.07 | <2.1 0.52 0.15 <0.08 | <0.07 | <0.008 | 20 <0.7 
Ileum (68) <0.03 | <0.9 1.13 0.22 <0.06 | <0.03 | <0.018 | 21 <0.3 
Cecum (31) <0.04 | <1.2 2.2 0.31 <0.06 | <0.04 | <0.015 | 22 <0.4 
Sigmoid colon (72)| <0.03 | <0.9 0.6 0.25 <0.1 | <0.03 | <0.047 | 18 <0.3 
Rectum (33) <0.03 | <0.9 0.94 0.19 <0.08 | <0.03 | <0.037 | 26 <0.3 
Heart (96) <0.09 | <2.6 25(8) | <0.15 0.05 <0.09 | <0.09 | <0.009 | 27 <0.9 
Kidney (102) <0.1 0.3(%) | 21(2)| 0.28 0.08 | 62(%)|<0.14|<0.1 |<0.011) 48 <1 
Larynx (31) <0.1 | <4 0.18 1.0 <0.17 | <0.13 | <0.013 | 29 <1.3 
Liver (102) <0.1 0.20") | 24(8)) 0.4 0.03 | 1075(%) | <0.14 | <0.11 | <0.014 | 46 <1 
Lung (102) <0.08| 0.10%) | 130(8)) 0.74 0.12 13(%)| 2.8 |<0.08|<0.071} 14 <0.8 
Muscle 12(8) 

Diaphragm (42) | <0.06|<1.8 <0.09 0.06 <0.07 | <0.06 | <0.006 | 43 <0.6 
Pectoral (21) <0.09 | <2.7 <0.21 0.02 <0.10 | <0.09 | <0.009 | 46 <0.9 
Psoas (86) <0.1 |<3.0 <0.11 0.03 <0.10)<0.1 |<0.01 | 51 <1 
Omentum (35) <0.01 | <0.26 0.03 0.04 0.07 | <0.01|<0.002|} 3.3 | <0,0° 
Ovary (9) <0.09| 0.03()} 1812) 1.15 0.25 14(%)|<0.1 | <0.09 | <0.009 | 13 <0.9 
Pancreas (95) <0.08 | <2.4 34(8) | <0.27 0.07 <0.11 | <0.08 | <0.008 | 27 <ae 
Prostate (27) <0.1 |<2.9 70(2)| 0.31 0.24 <0.16|<0.1 |<0.01 | 87 <1 
Skin (18) <0.04 | <1.2 55(4)| 0.28 0.1 0.61 | <0.04 | <0.008| 6 <4 
Spleen (97) <0.11| 0.10%) | 34(2)) 0.24 0.05 | 260%) |<0.18 | <0.11 | <0.013 | 19 <1.1 
Testis (53) <0.09} 0.05(%)| 31(#)) 0.21 0.06 | 42(%)|<0.1 |<0.08}<0.009 | 15 <OP 
Thymus (2) <0.04 | <1.2 260(2)| 0.05 0.05 <0.06 | <0.04 | <0.004| 4.2 <0.4 
Thyroid (11) <0.1 |<3.1 45(8)| 0.28 0.13 <0.49|}<0.1 |<0.01 | 27 <1 
Tongue (3) <0.11 | <3.2 0.14 0.07 <0.11 | <0.11 | <0.011 | 29 <1.1 
Trachea (35) | <0.11 | <3.4 0.51 0.48 <0.26|<0.11}<0.01 | 15 <1.1 
Urinary 

bladder (70) <0.05 | <1.4 19(8)| 0.25 0.15 <0.09 | <0.05 | <0.006 | 22 <0.5 
Uterus (17) <0.09 | <2.6 0.1 0.15 <0.1 | <0.09 | <0.009 | 20 <0.9 
Vagina (7) <0.09 | <2.6 0.2 0.17 <0.1 |<0.09| <0.009 | 16 <0.9 
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Table 8. Organs of standard man 


Mass and effective radius of organs of the adult human body 


Effective 
Mass, m | Per cent of radius, X 
(g) | total body* (cm) 


Total body* 70,000 | 100 30 
Muscle 30,000 | 43 30 
Skin and subcutaneous tissuet | 6100 | 8&7 0. 
Fat | 10,000 | 20 
Skeleton | 

Without bone marrow | 7000 5 

Red marrow | 1500 | 

Yellow marrow 1500 
Blood 5400 
Gastrointestinal tract* 2000 
Contents of GI tract 

Lower large intestine 150 

Stomach | 250 

Small intestine | 1100 

Upper large intestine 135 
Liver 1700 
Brain 1500 
Lungs (2) 1000 
Lymphoid tissue 700 
Kidneys (2) 300 
Heart 300 
Spleen 150 
Urinary bladder 150 
Pancreas 70 
Salivary glands (6) 50 
Testes (2) | 40 
Spinal Cord 30 
Eyes (2) | 30 
Thyroid gland 20 0.029 
Teeth 20 0.029 
Prostate gland 20 | 0.029 
Adrenal glands or suprarenal (2) | 20 | 0.029 
Thymus 10 0.014 
Ovaries (2) | 0.011 3 
Hypophysis (Pituitary) 6 | 86x 10-6 0.5 
Pineal Gland : 29 x 10-* 0.04 
Parathyroids (4) | Zix 0 | 0.06 
Miscellaneous (blood vessels, 

cartilage, nerves, etc.) | 0.56 


* Does not include contents of the gastrointestinal tract. 
+ The mass of the skin alone is taken to be 2000 grams. 
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Table 9. Intake and excretion of the standard man 


Water balance 


Intake | Excretion 

(cm*/day) | (cm*/day) 
Food 1000 Urine 1400 
Fluids 1200 Sweat 600 
Oxidation 300 From lungs 300 
| Feces 200 
Total 2500 | Total 2500 


Air balance 


o, | CO, |N, + others 
| (vol. %) | (vol. %) | (vol. %) 
Inspired air | 20.94 | 0.03 | 79.03 
Expired air | 16 4.0 | 80 
Alveolar air (inspired) | 15 | 5.6 — 
Alveolar air (expired) | 14 | 6.0 --- 
Vital capacity of lungs 3-4 liters (men) 
2-3 liters (women) 
Air inhaled during 8 hr work day 107 cm3/day 
Air inhaled during 16 hr not at work 10? cm3/day 
Total 2 x 107 cm$/day 
Interchange area of lungs 50 m? 
Area of upper respiratory tract, trachea, bronchi 20 m? 
Total surface area of respiratory tract 70 m? 


Total water in body = 4.3 x 104 g. 
Average life span of man = 70 years. 
Occupational exposure time of man = 8 hours/day; 40 hours/week; 50 weeks/year; 50 years total time. 
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Table 10. Particulates in respiratory tract of the standard man 


Retention of particulate matter in the lungs depends on many factors, such 
as the size, shape and density of the particles, the chemical form and whether 
or not the person is a mouth breather; however, when specific data are 
lacking it is assumed the distribution is as shown below. 


Readily soluble Other 
Distribution compounds compounds 


(%) (%) 


Exhaled 25 
Deposited in upper respiratory passages 
and subsequently swallowed 
Deposited in the lungs (lower respiratory 
passages ) 25 
(this is taken up 
into the body) 


* Of this, half is eliminated from the lungs and swallowed in the first 24 hrs, making a total of 624 per cent 
swallowed. The remaining 124 per cent is retained in the lungs with a half-life of 120 days, it being assumed 
that this portion is taken up into body fluids. 


Table 11. Gastrointestinal tract of the standard man 


Portion of GI tract Mass of | Time food Fraction from lung to 
that is the critical contents remains, + GI tract, f, 
tissue (g (day) (sol.) (insol.) 


Stomach (S) 250 1/24 0.50 0.625 
Small intestine (SI) 1100 4/24 0.50 0.625 
Upper large intestine (ULI) 135 8/24 0.50 0.625 
Lower large intestine (LLI) | 150 18/24 0.50 0.625 
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BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL 
AND PHYSICAL DATA* 


INTRODUCTION 

Tus bibliography was prepared in conjunction with the ““Report of Committee II 
on Permissible Dose for Internal Radiation—1959 Revision” for the International 
Commission on Radiological Protection. The bibliography is principally a listing of 
the reports which were studied in selecting the biological data, and while the list of 
journals and reference works reviewed is extensive and includes publications of 
many nations, we do not claim that it is all inclusive. In the Committee II Report, 
biological data are given for 98 stable elements and about 240 radionuclides. The 
references used have been coded and indexed by subjects and authors. 

Because few experiments have been designed for the purpose of directly deter- 
mining maximum permissible concentration (MPC) values, many reports had to be 
consulted to obtain the biological constants used in calculating the MPC’s. The MPC 
values are listed for two general categories—soluble and insoluble compounds; there- 


fore, biological data were reviewed in which various compounds were administered. 


In principle, human exposure data provide more reliable values than animal data, 


but other than data from a few terminal patients, a few accidental exposures and 
tracer studies using the whole body counter, these data are non-existent. Most 
estimates of maximum permissible values for human exposure must be based upon 
animal data. In a few cases different species of animals have been used for the same 
radionuclide compound, and in these cases the same biological constants were 
studied and compared. 

For convenience the references for the physical and mathematical data have been 
compiled in an additional listing. 


* Compiled by M. J. Goox, Health Physics Division, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 


BIBLIOGRAPHY FOR 


R. Asprams, H. C. Sermert, A. M. Ports, 
L. L. ForKer, D. GREENBERG, S. PosTEL and 
W. Lour, Metabolism and Distribution of 
Inhaled Plutonium in Rats, CH-3655 or MDDC- 
677 (1946). 

R. Asrams, H. C. Serert, L. ForxKer, D. 
GREENBERG, H. Lisco, L. O. JAcoBson and 
E. L. Simmons, Acute Toxicity of Intubated 
Plutonium, CH-3875 (1946). 
H. C. Semerr and R. 
Toxicity of Inhaled 275-Day 
MDDC-329 or CH-3539 (1946). 
R. Asprams, H. Semert, A. M. Potts, W. 
Lour and S. Postre., Metabolism of Inhaled 
Fission Product Aerosols, MDDC-248 or CH- 
3485 (1946). 

E. S. G. Barron, R. ABrams, R. D. FINKLE 
and R. P. Ruoapes, Effect of Plutonium on 
Tissue Metabolism of Rats, MDDC-1653 or 
CH-3849 (1946). 

M. Daitey, I. WeENpDER and R. ABRAMs, 
Tracer Studies with Inhaled 1.0 Year Ruthenium, 
CH-3325 (1945). 

M. DaiLey, I. WeNpER and R. ABRAmMs, 
Tracer Studies with Inhaled Eight-Day Iodine, 
CH-2777 (1945). 

J. S. Arnotp, Exhibit 
U?33 in Bone and Soft Tissue, AECD-3176 
(1951). 


ABRAMS, Acute 


Cerium-144, 


J. S. ARNoLp, Calcium metabolism of grow- 
Proc. Fed. Amer. Soc. 
Exp. Biol. 11, 5-6 (1952). 


ing and mature bone. 


J.S. Arnoip and W. S. S. Jee, lon exchange 
and recrystallization in fixation of calcium- 
45 in the rabbit skeleton. Proc. Soc. Exp. Biol. 
Med. 85, 658-683 (1954). 

J. S. ARNnoxtp, B. J. Srover and M. A. Van 
Dita, Failure of Y® to escape from 
skeletally-fixed Sr®. Proc. Soc. Exp. Biol. 
Med. 90, 260-263 (1955). 

B. J. Stover, D. R. AruHerton and J. S. 
ARNOLD, Comparative metabolism of Ca*® 
and Ra**®, Proc. Soc. Exp. Biol. Med. 94, 
269-272 (1957). 


236 


Radioaulographs of 


BIOLOGICAL DATA 


Ac-6 


J. S. Arnoxp, W. S. S. Jez and K. Jounson, 
Observations and quantitative radioauto- 
graphic studies of calcium-45 deposited in 
vive in forming Haversian systems and old 
bone of rabbit. Amer. uy Anat. 99, 291-313 
(1956). 


J. S. Arnotp, Autoradiographically deter- 
mined in vivo translocation of Ra?** from 
skeletal deposits of Th??8 (abstract). Pre- 
sented at the Radiation Research Society, 
New York, 16-18 May, 1955. Rad. Res. 3, 
211-212 (1955). 

J. S. ARNoip, Concepts of ultra structure of 
bone through radioactive daughter product 


behavior of Sr®® and Ra22®, Proc. Fed. Amer. 
Soc. Exp. Biol. 14, 398 (1955). 


P. G. ACKERMANN and K. Iversen, Radio- 
iodine excretion in the aged. J. Gerentol. 8, 
458-464 (1953). 


P. G. AcKERMANN and G. Toro, Calcium 
and phosphorus balance in elderly men. 
J. Gerentol. 8, 289-300 (1953). 


M. B. Levenr, G. A. ANnpREws and R. 
KnisELEY, Large doses of iodine-131 in dogs; 
radiation dosage correlated with histologic 
and autoradiographic changes. Amer. J. 
Roentgenol. 73, 88-97 (1955). 


R. E. Avtsert and L. C. Arnett, Clearance 
of radioactive dust from the human lung. 
Amer. Med. Assoc. Arch. Industr. Hlth. 12, 
99-106 (1955). 


United States Department of Agriculture, Agri- 
culture Handbook 52, Agricultural Marketing 
Service, Washington, D.C. (1955); Con- 
sumption of Food in the United States, 1909-1952, 
Suppl. for 1954. 

Yearbook of Agriculture, 1939; Food and Life. 
United States Department of Agriculture. 
V. Z. AGRANAT, Certain data concerning 
cumulation of polonium-210 by water-living 
organisms. Med. Radiol. 3, 65-69 (1958) 
(In Russian with English abstract). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


L. ABRAHMSON, M. H. O’Connor and M. L. 
ABRAHMSON, Bilateral alveloar lung car- 
cinoma, associated with the injection of 
thorotrast. Jrish J. Med. Sci. 6, 229-235 
(1950). 


J. K. Arkawa, A. J. BLumperec and D. A. 
CaTTERSON, Distribution of mercury-203 
labeled mercaptomerin in organs of normal 
rabbits. Proc. Soc. Exp. Biol. Med. 89, 
204-206 (1955). 

J. K. Arkawa, G. T. Harrect and B. 
EISENBERG, The exchangeable potassium 
content of normal women. J. Clin. Invest. 


31, 367-369 (1952). 


J. W. Acna, H. C. Know tes, Jr. and G. 
ALvERSON, The mineral content of normal 
human bone. J. Clin. Invest. 37, 1357-1361 
(1958). 


MasaAyYA ARAKI, TAKESHI YONEZAWA, SHINTO 
Curn, Masamt Kuca, Nosuo SHIMADA, 
Ryouer YosHiokA, Investigation of calcium 
metabolism with the aid of radioactive cal- 
cium. Annual Report of the Research Committee 
on the Application of Artificial Radioactive 
Isotopes in Japan, Vol. 1, Part 2, pp. 37-46 
(1951). 

K. I. Attman, G. Casarett, T. R. NOONAN 
and K. Soitman, Distribution on Rat Tissues 
of the Methylene Carbon Atom of Glycine Labeled 
with Carbon-14, UR-52 or AECU-77 (1948). 
E. C. ALBrirton (Editor), Standard Values in 
Blood, Air Force Technical Report Number 
6039 (1951). 


H. E. Amory and R. F. Buncn, Perivascular 
injection of thorotrast and its sequelae. 


Radiology 51, 831-839 (1948). 


R. Amprino, Autoradiographic analysis of 
the distribution of labeled calcium and 
phosphorus in bones. Experientia 8, 20-22 
(1952). 


R. Amprino, On the incorporation of radio- 
sulfate in the cartilage. Experientia 11, 65-67 
(1955). 


R. Amprino, Autoradiographic research on 
the S*°-sulphate metabolism in cartilage and 
bone differentiation and growth. Acta Anat. 


24, 121-163 (1955). 


E. C. ANperson and E. A. Pinson, Preliminary 
Report on Human Excretion of Tritium, LAMS- 
1099 (1950). 


An-2 


237 


E. A. Pinson and E. C. ANDERSON, Absorption 
Distribution and Excretion of Tritium in Men 
and Animals, AECU-937 or LADC-867 
(issued by TID, 24 November, 1950). 


E. C. Anperson, R. L. Scuucn, J. D. 
Perrincs and W. H. Lancuam, A Whole 
Body Gamma Counter for Human Subjects, 
LA-1717 (1955). 


T. T. Truyrtio, E. C. ANDERSON and W. H. 
LANGHAM, Biological Effects of* Inhalation of 
High Concentrations of Tritium Gas, LA-1986 
(1956). 


K. T. Woopwarp, T. T. Truyitio, R. L. 
Scuucu and E. C. ANpERson, Correlation of 
total body potassium with body-water. 
Nature, Lond. 178, 97-98 (1956). 


E. C. Anperson, R. L. Scuucn, J. D. 
Perrincs and W. H. Lancuam, The Los 
Alamos human counter. Nucleonics 14, No. 1, 
26-29 (1956). 


E. C. ANDERSON and W. H. LANGHAM, A 
Theoretical Consideration of the Hazards As- 
sociated with Acute Exposure to High Con- 
centration of Tritium Gas. LA-1646 (1954). 


E. C. ANDERSON, Radioactivity of people 
and milk: 1957. Science 128, 882-886 
(1958). 


A. C. ANDERSEN, Effects of Strontium-90 
Administered During the Growth Period of the Dog. 
USAEC Contract with the University of 
California. 

R. ALien, G. Bonner, A. Sparks, W. 
Neuman, J. K. Scotr and G. Koset, 
Distribution and Excretion of a Soluble Beryllium 
Compound Using Beryllium-7 as a_ Tracer, 


UR-35 or AECD-2104 (1948). 


W. B. Savcueck and W. D. ARMsTRONG, 
Metabolic turnover of fluorine by the skele- 
ton of the rat. J. Biol. Chem. 193, 575-585 
(1951). 


R. I. Lrenxe, G. CuLLen and W. D. Arm- 
STRONG, Studies on the excretion and dis- 
tribution of radioactive calcium. 77yansactions 
of the Conference on Metabolic Interrelations, 
First Conference 73-76 (1949). 

L. SINGER and W. D. Armstrona, Retention 
and turnover of radiocalcium by the skeleton 
of large rats. Proc. Soc. Exp. Biol. Med. 76, 
229-233 (1951). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


W. D. Armstrronc and S. H. ZsBarsky, 
Excretion and distribution of carbon-14 
during and following continuous _intra- 
peritoneal injection of carbon-14 as sodium 
bicarbonate. Transactions of Conference on 
Metabolic Interrelations, First Conference 67-71 


(1949). 


W. D. Armstronc, J. ScHuBERT and A. 
LinpENBAUM, Distribution of radioactive 
carbon administered as carbonate in the 
body and excreta of the mature rat. Proc. 


Soc. Exp. Biol. Med. 68, 233-240 (1948). 


E. C. Retrenstein (Editor), Third Conference 
on Metabolic Interrelations, 8-9 January, 1951. 
L. SinGER and W. D. Armstrona, Retention 
and turnover of radiocalcium by the skeleton 
of large rats 259-270. 


L. Stncer, W. D. Armsrronc and M. L. 
PrEeMER, Skeletal calcium turnover in non- 
Soc. Exp. Biol. Med. 


growing rats. Proc. 


80, 643-646 (1952). 


W. F. Asue, E. J. LArRGent, F. R. Durron, 
D. M. BLACKSTONE, 
Behavior of mercury in the animal organism 
following inhalation. Amer. Med. Assoc. 


Arch. Industr. Hlth. Occ. Med. 7, 19-43 (1953). 


Hupsparp and M. 


J. K. Asurkawa, E. R. Smirn and H. L. 
HeEtwic, Copper Metabolism in Normal Long- 
Evans Rats, UCRL-3530 (1956). 


D. S. AnrHony and R. H. SNypDER, Acute 
Radiotoxicity of Injected P®* in Mice. 1. Meta- 
bolism and Survival, MDDC-881 or CH-3772 
1947). 


D. S. AnrHony and K. A. LaAtTurop, 
Acute Radiotoxicity of Injected Cerium-144 in the 
Rat, CH-3824 or MDDC-1326 (1947). 


D. S. AntHoNny, Personal Communication 
from D. S. AntHony to M. J. Cook, 26 
August, 1953, CF-53-8-67. 


D. 8S. Antruony, R. K. Davis, R. N. CowpEen 
and W. P. JoLtey, Experimental data useful 
in establishing maximum permissible single 
and multiple exposures to polonium. Pro- 
ceedings of the International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, August, 
1955, Vol. XIII, 215-218, P/74. United 
Nations, New York (1956). 


At-5 


D. S. AnrHony (Director), Report for 
Biological Research 18 June, 1951 to 17 Sep- 
tember, 1951, MLM-626 (1951). 

E. S. Sporert, A derived biological half-life 
of polonium in humans pp. 73-76. 

R. N. Cownben and R. E. Zier, Hematologi- 
cal and pathological studies on rats injected 
intravenously with multiple doses of polo- 
nium pp. 37-55. 


D. S. AnrHony (Director), Report fer 
Biological Research, 17 September to 17 December 
1951, MLM-648. 

R. K. Davis, Effects of repeated injections 
of polonium laboratory animals 


pp. 8-30. 


upon 


D. S. Anruony (Director), Biological Research 
Quarterly Progress Report through 17 June, 1954, 
MLM-989 (1954). 

R. K. Davis and G. T. Stevenson, Effects 
of polonium on experimental animals pp. 
6-12. 


D. S. AnrHuony (Director), Biological Research 
Quarterly Progress Report through 17 December, 
1953, MLM-952 (1953). 

R. K. Davis and G. T. STEvENson, Effects 
of polonium upon the life span of rats p. 4; 
R. K. Davis and G. T. Stevenson, Effects of 
repeated low intravenous injections of polo- 
nium upon rats p. 5; 

W. P. Jottey, D. Rorscu, R. Horne, E. S. 
Rosaypek, J. E. CAMPBELL, D. S. ANTHONY, 
R. N. Cowpen and R. E. Zipr, Effects of 


actinium on experimental animals pp. 6-9. 


D. S. Antony (Director), Acute Radiotoxicity 
of Injected Yttrium-91, MDDC-1240_ or 
CH-3838 (1947). 


R. H. Snyper, W. E. Kusteresxi, D. S. 
AntHony and R. D. Finke, Acute Radio- 
toxicity of (Ba—La)° in Rats and Mice. I. 
Metabolism of (Ba—La)#°, MDDC-1279 or 
CH-3826 (1946). 


D. S. AnrHony, K. A. LAYHRop and R. 
FiInKLE, Radiotoxicity of Injected Sr®® for Rats, 
Mice and Rabbits. 11. Metabolism and Organ 
Distribution, MDDC-1363 or CH-3846 (1946). 


D. S. Anruony, K. A. LATHRop and R. H. 
SNYDER, Radiotoxicity of Injected Sr®® for Rats, 
Mice and Rabbits. III. Lethal Action and 
Clinical Changes, MDDC-1364 or CH-3845 
(1946). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


At-13. J. E. Campse tt, E. S. Rosaypex and D. S. 


Bad-l 


Bag-l 


AntTHony, Metabolism of actinium-227 
and its daughters thorium-227 and radium- 
223 by rats. Rad. Res. 4, 294-302 (1956). 
W. P. Jottey, D. Rorscu, R. Horne and 
D. S. Antuony, Effects of Injected Actinium 
Equilibrium Mixture on Rats and Mice, MLM- 
1057 (1955). 

R. K. Davis, W. T. Rockuotp and D. S. 
Antuony, The Effects of Repeated Polonium 
Injections on Rats. 1. Gross Effects and Metabolism 
of 2 we/kg Doses, MLM-961 (1954). 

J. C. Aus, A. S. Minor, L. T. FAarRHALL 


and P. Reznikorr, Recent investigations of 


absorption on excretion of lead in the 
organism. J. Amer. Med. Assoc. 83, 588-592 
(1924). 

J. C. Aus, Biochemical behavior of lead in 
the body. J. Amer. Med. Assoc. 104, 87—90 
(1935). 

J. A. Catnoun, R. McLean, J. C. Hupson 
and J. C. Aus, Comparative exchange of 
calcium, lead and radioactive lead in dogs. 
Amer. Med. Assoc. Arch. Industr. Hygiene Occ. 
Med. 9, 9-22 (1954). 

J. C. Aus, R. D. Evans, D. M. GALLAGHER 
and D. M. Trssetts, Effects of treatment on 
radium and calcium metabolism in the 
human body. Ann. Int. Med. 11, 1443-1463 
(1938). 

W. A. D. ANDERSON and 4G. E. ZANDER, 
Pathologic Effects of Radioactive Calcium and 
Strontium on the Bones of CF-1 Mice, AECU- 
2624. 

W. A. D. Anperson, G. E. ZANDER and J. 
F. Kuzma, Carcinogenic effects of calcitum- 
45 and strontium-89 on bones of CF-1 mice. 
Amer. Med. Assoc. Arch. Path. 62, 262-271 
(1956). 

W. A. D. ANDErsoN, G. E. ZANDER and J. F. 
Kuzma, A study of toxic doses of strontium- 
90 (Sr®°) in the adult rat. Amer. Med. Assoc. 
Arch. Path. 62, 433-440 (1956). 

C. H. Besr and N. B. Taytor, Physiological 
Basis of Medical Practice. Williams and 
Watkins, Baltimore (1945). 

J. Bapenocu and S, T. CALLenper, The 
use of radioactive iron in the investigation of 
anaemia. Brit. J. Radiol. 27, 381-386 (1954). 
K. N. Baccut, H. D. GANncniy and J. N. 
SniweR, Lead in food. Indian J. Med. Res. 
28, 441-450 (1946). 


Bai-l 


239 


W. J. Batr, Translocation and Excretion of 
Pulmonary Deposited Plutonium Oxide, HW- 
56636 (1958). 


J. E. Batiou, Effects of Age and Mode of 
Ingestion on the Absorption of Plutonium, 
HW-52895 (1957). Also in Proc. Soc. Exp. 
Biol. Med. 98, 726-727 (1958). 


J. E. Batiou and R. C. Tuompson, Buildup 
of Chronically Fed Cs'8" in the Rat, HW-56040 
(1958). 


T. E. Banks, R. L. F. Tupper and A. 
WorMALL, Fate of some _ intravenously 
injected zinc compounds. I. Determination 
of zinc-65 in tissues. II. Fate of injected zinc 
carbonate and phosphate and a zinc 
dithizae complex. Biochem. J. 47, 466-472 
(1950). 


J. BARKSDALE, 7?tanium—Its Occurrence, Chemi- 
stry and Technology. Ronald Press Company, 
New York (1949). 

G. CG. 
growth as a factor in the redistribution of 
Redistribution of radio-active 


J. Bone 


H. Bauer, The importance of bone 


bone salt. I. 
skeleton of rats. 
1954). 


calcium in the 
Jt. Surg. A 36, 375-386 
és. &. 


growth as a factor in the redistribution of 


H. Bauer, The importance of bone 


bone salt. II. Redistribution of radio-active 


phosphorus in the skeleton of rats. J. Bone 


Jt. Surg. A 36, 381-386 (1954). 


Bauer, A. Caritsson and B. 
A comparative study on the 
metabolism of Bal#° and Ca in 
Biochem. J. 63, 535-542 (1956). 


G. C. H. Bauer, Long term redistribution of 


& C.. i, 
LINDQUIST, 
rats. 


bone sodium studied in rats by means of 
Na”? radio-autography. Acta Orthopaedica 


Scand. 23, 192-197 (1954). 


G. C. H. Bauer and A. Cartsson, Metab- 
olism of bone salt investigated by simul- 
Ca® and P* 
B 37, 658-662 


taneous administration of 
to rats. J. Bone Jt. Surg. 
(1955). 

G. C. H. Bauer, Bone salt metabolism in 
bone growth and bone repair studied in 
rats by means of Ca, P®? and Na**. Acta 
Orthopaedica Scand. 23, 247-253 (1954). 

G. C. H. Bauer, Metabolism of bone sodium 
in rats investigated with Na®*. Acta Physiol. 


Scand. 31, 334-350 (1954). 


240 


Bau-8 


Bau-10 


Bau-14 


Bau-15 


Bau-16 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


G. C. H. Bauer, Rate of bone salt formation 
in a healing fracture determined in rats by 
means of radiocalctum. Acta Orthopaedica 
Scand. 23, 169-191 (1954). 

G. C. H. Bauer, A. Carisson and B. 
Linpguist, Evaluation of accretion, resorp- 
tion and exchange reactions in the skeleton. 
Kgl. Fysiograf. Sadllskap. i Lund, Férh. 25, 1-16 
(1955). 

G. C. H. Baver, A. Carusson and B. 
Linpguist, Bone salt formation measured 
in infants by means of P®?, Acta Paediatrica 
44, 477-486 (1955). 

G. C. H. Bauer, A. Cartsson and B. 
Linpguist, Skeletal uptake of sulfate and 
phosphate in f-aminopropiononitrile poi- 
soned rats. Acta Pathol. Microbiol. Scand. 
37, 407-413 (1955). 

G. C. H. Bauer, A. Cartsson and B. 
Linpguist, A comparative study on the 
metabolism of Sr®® and Ca**. Acta Physiol. 
Scand. 35, 56-66 (1955). 

G. C. H. Bauer, A. CArtisson and B. 
Linpguist, Some properties of the exchange- 
able bone calcium. Acta Physiol. Scand. 
35, 67-72 (1955). 

G. C. H. Baver and A. Cartsson, Post- 
fracture bone salt resorption studied in rats. 
Acta Orthopaedica Scand. 25, 83-88 (1955). 
G. C. H. Bauer, A. Cartisson and B. 
Linpguist, Bone salt metabolism in human 
rickets studied with radioactive phosphorus. 
Metabolism 5, 573-581 (1956). 

G. C. H. BAver and R. D. Ray, Kinetics 
of strontium metabolism in man. J. Bone 
Jt. Surg. A 40, 171-186 (1958). 


R. K. Barcitay, W. C. Peacock and D. 


Karnorsky, Distribution and excretion of 


radioactive thallium in the chick embryo, 
rat and man. J. Pharmacol. Exp. Therapeutics 


107, 178-187 (1953). 


D. L. BucHANAN, Elimination of intravenous 
carbon-14 bicarbonate by man. J. Clin. 
Invest. 30, 630-631 (1951) or AECU-1262 
or UAC-359. 


D. L. BucHaNnan, Uptake and retention of 


fixed carbon in adult mice. J. Gen. Physiol. 
34, 737-759 (1951). 

R. W. Swick, D. L. BucHANAN and A. 
NaAKAo, Distribution of fixed carbon. Fed. 
Proc. 11, 157-158 (1952). 


Bd-4 D. L. BucHANAN and A. NAKAo, Turnover 


of bone bicarbonate. J. Biol. Chem. 198, 
245-257 (1952). 


D. L. BucHANAN and A. Nakao, Bone 
carbonate turnover. Proc. Fed. Amer. Soc. Exp. 
Biol. 11, 19-20 (1952). 


C. BeHrRens, Atomic Medicine. Nelson, New 
York (1949). 


L. F. BELANGER, Autoradiographic visualiza- 
tion of calcium-45 intake by normal and 
pathological cartilage in vitro. Proc. Soc. 


Exp. Biol. and Med. 88, 150-152 (1955). 


L. F. B&LANGER, Radioautographic detec- 
tion of radiosulfate. Incorporation by the 
growing enamel of rats and_ hamsters. 
J. Dent. Res. 34, 20-27 (1955). 


L. F. BELANGER, Autoradiographic visualiza- 
tion of S*® incorporation and turnover by 
the mucous glands of the gastrointestinal 
tract and other soft tissues of rat and 
hamster. Anat. Rec. 118, 755-771 (1954). 


L. F. BELANGER, Autoradiographic visualiza- 
tion of the entry and transit of S*° in cartilage 
bone and dentine of young rats and the 
effect of hyaluronidase in vitro. Canad. J. 
Biochem. Physiol. 32, 161-169 (1954). 

L. F. Bé&LaAncer, Autoradiographic and 
histochemical observations on the mineraliza- 


tion of teeth in rats and hamsters of various 
ages. Anat. Rec. 114, 529-543 (1952). 


F. Bercet, J. L. Evererr, J. B. MARTIN and 


J. S. Wess, Cellular constituents. Major 


and minor metals in normal and abnormal 
tissues. I. Analysis of Wistar rat livers for 
copper, iron, magnesium, manganese, moly- 
bdenum and zinc. J. Pharmacy Pharmacol. 
9, 522-531 (1957). 

G. BertrAND, The importance of minute 
chemical constituents (infiniment petits 
chimiques) of biological products: nickel, 
cobalt and insulin. Science 64, 629-630 
(1926). 

G. BerTRAND and M. MacuHesoeur, Re- 
cherches sur la présence du nickel et du 
cobalt chez les animaux. Bull. Soc. Chim. Fr. 
Ser. 4, 37-38, 934-937 (1925). 

G. BerrrAnp and M. Macuesoeur, Sur 
les proportions de cobalt contenues dans les 


organes des animaux. Bull. Soc. Chim. Fr. 
Ser. 4, 39-40, 942-945 (1926). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


G. BertTrRAND and Mme. Voronca-SPIrtT, 
Titanium in animals. C.R. Acad. Sct. Paris 


189, 221-223 (1929). 


G. BerTRAND and Mme. Voronca-SPIRT, 
Presence and distribution of titanium in 
animals. Bull. Soc. Chim. Fr. 47-48, 643-646 
(1930). 


G. Bertrand and D. Berrranp, The 
general distribution of rubidium in animals. 
Ann. Inst. Pasteur 72, 805-809 (1946). 


G. Bertrand and D. Berrranp, The 


rubidium and other alkali metals content of 


the human blood. Ann. Inst. Pasteur 80, 


227-230 (1951). 


G. BertTRAND and D. Bertranp, Rubidium 
in plasma and corpuscles of blood. Ann. 
Inst. Pasteur 80, 339-342 (1951). 


A. R. Beunke and O. D. YARBROUGH, 
Physiologic studies of helium. United States 


Naval Bulletin 36, 542—558 (1938). 


A. R. Beunke and T. L. Wriimon, Cuta- 
neous diffusion of helium in relation to 
peripheral blood flow and the absorption 
of atmospheric nitrogen through the skin. 
Amer. J. Physiol. 131, 627-632 (1941). 


A. R. Beunke and T. L. Wittmon, Gaseous 
nitrogen and helium elimination from the 
body during rest and exercise. Amer. J. 
Physiol. 131, 619-626 (1941). 


H. Berke and A. DiPasgua, Distribution 
and Excretion of Po*!® after Inhalation. Pre- 
sented at the Radiation Research Society. 
Rochester, 13-15 May, 1957, p. 8 of the 
abstracts. 


H. L. Berke and A. C. DiPasgua, The 
Distribution and Excretion of Polonium after 
Inhalation UR-495 (1957). 


E. H. Betcuer, I. G. F. Grepert and L, F. 
LAMERTON, Experimental studies with radio- 


active iron. Brit. J. Radiol. 27, 387-392 (1954). 


F. BenouNEK and M. Mayerova, Radon 
content of the air. Nature, Lond. 178, 1457 
(1956). 


S. R. BERNARD, Uranium MPC Values. 
Recommended for consideration of human 
data. Memo. to K. Z. Morcan, 14 February, 
1956. 


Ber-2 


241 


E. G. Srruxness, A. J. Luessennop, S. R. 
BERNARD and J. C. GAturmore, The dis- 
tribution and excretion of hexavalent 
uranium in man. Proceedings of the Inter- 
national Conference on the Peaceful Uses of 
Atomic Energy, Geneva, August, 1955, Vol. X, 
pp. 186-196, P/213. United Nations, 
New York (1956). 


S. R. Bernarp and E. G. Srruxness, 
A Study of the Distribution and Excretion of 
Uranium in man; an interim report, ORNL-2304 
(1957). 

S. R. BERNARD, 


Maximum permissible 


amounts of natural uranium in the body, air 
and drinking water based on human experi- 
mental data. Health Phys. 1, 288-305 (1958). 


S. R. BernarD, J. R. Murr and G. W. 
Royster, JR., Distribution and excretion of 
uranium in man. Proc. Health Phys. Soc. 
pp. 33-48 (1957). 


W. H. Bercsrrom and W. M. WaLLAceE, 
Bone as a sodium and potassium reservoir. 


J. Clin. Invest. 33, 867-873 (1954). 


C. T. Banner, Localization of antimony in 
blood. Proc. Soc. Exp. Biol. Med. 86, 371-373 
(1954). 


G. C, Grirritn, E. M. Burr and J. WALKER, 
The inorganic element content of certain 
human tissues. Ann. Int. Med. 41, 501-509 
1954). 


E. M. Butt, R. E. Nussaum, T. C. Grtmour 
and S. L. DiDio, Use of emission spectro- 
graph for study of inorganic elements in 
human tissues. Amer. J. Clin. Path. 24, 
385-394 (1954). 


E. M. Burr, R. E. Nusspaum and A. G. 
Ware, A Study of Trace Metal Storage in 
Human Organs by Spectrographic and Chemical 
Methods, with Particular Attention to Acute 
Thrombocytopenic Purpura, Refractory Anemia, 
Congenital Disease, Congestive Heart Failure, 
Wilson’s Disease, Hemochromatosis and Arterio- 
sclerosis. University of Southern California 
School of Medicine, Los Angeles, Progress 
Report, 15 April, 1955. 


E. M. Burr and D. G. Stmonsen, Mercury 
and lead storage in human tissues. Amer. J. 


Clin. Path. 20, 716-723 (1950). 


242 


Bg-5 


J. A. Sprout, 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


E. M. Burr, R. E. Nuspaum, A. G. WARE 
and G. C. Grirriru, A Study of Trace Metal 
Storage in Human Organs by Spectrographic and 
Chemical Methods, with Particular Attention to 
Acute Thrombocytopenic Purpura, Refractory 
Anemia, Congenital Disease, Congestive Heart 
Failure. Wilson’s Disease, Hemochromatosis 
and Arteriosclerosis, Report, 27 
January, 1956, University of Southern 
California School of Medicine, Los Angeles. 
R. E. Nuspaum, G. V. ALEXANDER, E. M. 
Butr, T. C. Gitmour and S. L. DrDto, 
Some spectrographic studies of trace element 


Progress 


storage in human tissues. Soil Sci. 85, 95-99 
1958). 

to H. A. Biair from C. J. Speci, 
Chemical 


Letter 
22 April, 
Thorium. 
H. A. Barr 
1 October through 31 
number). 


1955 on 


Director), 
December, 


Quarterly Review 
1954 (no 


S. Micuaetson, I'3! uptake in dogs pp. 40 

41; 

F. A. Surry and D. E. Garpner, Fluoride 
studies pp. 44-46; 

C. J. Sprecr, Inhalation toxicity pp. 48-49; 
Toxicity of radioactive materials. Polonium 
toxicity, distribution and excretion pp. 52—57 
J. N. STANNARD and R. C. Baxter, Effects 
of a maintained body burden of polonium 
in the rat pp. 52-53; 

F, A. Smrrn, R. J. Detta Rosa, P. E. 
Morrow, R. G. Tuomas and J. N. STAn- 
NARD, Distribution and excretion of polo- 
nium as a function of the route of administra- 
tion pp. 53-55; 

R. C. Baxter and L. W. 
Tutte, Effect of polonium on hair color, 
etc., in Long-Evans rats, pp. 56-57; 

L. W. Turrie and R. C. Baxter, Strontium 
and excretion 


and calcium 


studies p. 57; 


absorption 


J. B. Hursn, Analysis of natural waters for 


radium pp. 57-58; Sarcoma in a dog with 
13 mg retained radium body load p. 58; 
Radium excretion of a thorotrast patient 
p. 59; 

J. Suaprro, S. Brack and F. GaAvicGan, 
Measurement on lung retention of radon 
degradation products pp. 59-60; 

D. M. Morken and J. N. STANNARD, Radon 
inhalation experiments p. 60. 


Toxicity of 


Bh-3 


Bh-4 


H. A. Bratr, Shortening of Life Span by 
Injected Radium, Polonium and Plutonium, 
UR-274 (1953). 

H. A. Buair (Director), Summary of Research 
and Service Programs, 1 January, 1948 to 31 
December, 1948, UR-60. Biological effects of 
radioactive materials. Polonium, pp. 55-61; 
Radon, pp. 61-63; Radium, pp. 63-64; 
Uranium, pp. 65-72; Beryllium, pp. 73-93; 
Thorium, pp. 94-97; Fluoride, pp. 98-101; 
Carbon, pp. 102-105. 

J. N. Srannarp, H. A. Biarr and R. C. 
Baxter, Life span shortening in rats induced 
by multiple doses of polonium-210. Fed. 
Proc. 14, Pt. I. 144 (1955). 

H. A. Buarr (Director), Quarterly Technical 
Report, 1 October, 1949 through 31 December, 
1949, UR-103. 

H. B. Wirson, G. E. Sytvester, C. W. La- 
Bete, J. K. Scorr and staff; F. A. Smrru 
and staff; S. Laskin and staff; and K. E, 
LAUTERBACH. Uranium. Relation of particle 
size of hydrated uranium trioxide dust to 
toxicity following inhalation by rabbits and 
rats pp. 29-35; 

R. H. Hatt, Inhalation toxicity of beryllium 
fluoride mist pp. 37-41; 

H. E. Sroxincer, R. E. Roor 
STEADMAN, Retention of beryllium tissues 


and L. T. 


following inhalation pp. 41—50; 
R. H. Hari, R. E. Roor and C. Stroup, 
Thorium pp. 55-59; 

E. A. MAyNnaArp and W. L. Downs, Acute 
oral toxicity of NaF in albino rats p. 60; 
F. A. Smiru, D. E. GARDNER and D. WInc, 
Fluoride content in human bone pp. 60-63. 
H. J. Bacc, Pathological changes accom- 
panying injections of an active deposit of 
radium emanation. I. Intravenous and 
subcutaneous injections in the white rat. 
J. Cancer Res. 5, 1-19 (1920). 

H. J. Bacc, The response of the animal 
organism to repeated injections of an active 
deposit of radium emanation intravenous 
injections in dogs. J. Cancer Res. 5, 301-319 
(1920). 

Letter to W. Bivxs from K. Writiiams, 4 
January, 1954. 

C. E. Bitis, F. G. McDonatp, W. NIEDER- 
MEIER and M. C. Scuwartz, Sodium and 
potassium in foods and waters. J. Amer. 
Med. Ass. 25, 304-314 (1949) 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


M. BirnstTINGL, B. Stone and V. RiIcHARDs, 
Excretion of radioactive zinc (Zn®) in bile, 
pancreatic and duodenal secretions of the 
dog. Amer. J. Physiol. 186, 377-379 (1956). 


W. H. Bererwattes, R. A. Peretor, I. 
Lampe and H. J. GomsBera, Factors deter- 
mining the rate of renal excretion of iodine. 
I. The thyroid. University Hospital Bulletin, 
University of Michigan, Ann Arbor 14, 31-33 
(1948). 


W. Broom, Histopathology of Radiation from 
McGraw-Hill, 


External and Internal Sources. 
New York (1948). 


W. Bioom, H. J. Curtis and F. C. McLean, 
A Note on Deposition of Carbon-\14 in the Bone, 
MDDC-516 (No date but 
3 December, 1946). 


declassified 


W. Bioom, H. J. Curtis and F. C. McLean, 
Deposition of C™ in bone. Science 105, 45 
(1947). 


meta- 
Anat. 


W. Broom, Deposition of C™ in the 
physis of long bones of young rats. 


Rec. 103, 425 (1949). 


M. A. Broom and W. Broom, Late effects 
of radium and plutonium on bone. Amer. 
Med. Assoc. Arch. Path. 47, 494-511 (1949) 
or AECD-2053 or ANL-HDY-496. 


L. V. Buina, Experiments with titanium 
oxide. Riforma Med. 44, 1516, 1519-1522, 
1525 (1928). Abstracted in J. Industr. 
Hygiene 12, 96-97 (1930). 


W. D. Brock, O. H. BucHANAN and R. H. 
FREYBERG, Metabolism, toxicity and manner 
of action of gold compounds in the treatment 
of arthritis. II. A comparative study of the 
distribution and excretion of gold following 
the intramuscular injection of five different 
gold compounds. J. Pharmacol. Exp. Thera- 
peutics 73, 200-204 (1941). 


W. D. Brock, O. H. BucHANAN and R. H. 
FREYBERG, Metabolism, toxicity and manner 
of action of gold compounds used in the 
treatment of arthritis—IV. Studies of the 
absorption, distribution and excretion of 
gold following the intramuscular injection 
of gold thioglucose and gold calcium thio- 
malate. J. Pharmacol. Exp. Therapeutics 76, 
355-357 (1942). 


Blo-3 


243 


W. D. Brock, O. H. BucHANAN and R. H. 
FREYBERG, Metabolism, toxicity and manner 
of action of gold compounds used in the 
treatment of arthritis, V. A comparative 
study of the rate of absorption, the retention, 
and the rate of excretion of gold administered 
in different compounds. J. Pharmacol. Exp. 


Therapeutics 82, 391-398 (1944). 

M. Brucer, G. A. AnpREws and H. D. 
Bruner, A study of gallium—Summary and 
conclusions. Radiology 61, 534-613 (1953). 
M. Brucer, Distribution of galltum in man; 
autopsy evidence. J. Pharmacol. Exp. Thera- 
peutics 101, 4—5 (1951). 

H. D. Bruner, Carrier effect in the distribu- 
tion of manganese-54 in rats. Rad. Res. 
3, No. 2, pp. 216-217 (1955). (Abstract. 

H. D. Bruner, Biological studies on the 
metals with 
levels of 


radioactive 
damaging 


distribution of 
special reference to 
tissue concentration. Emory University Third 
Quarterly Report (1953). 

H. D. Bruner, Biological studies on the 
metals with 
levels of 


distribution of radioactive 
special reference to damaging 
tissue concentration. Emory University Fourth 
Quarterly Report. (1953). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Fifth Quarterly 
Report (1954). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Sixth Quarterly 
Report (1954). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Seventh Quar- 
terly Report (1954). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Eighth Quar- 
terly Report (1954). 

H. D. Bruner, Biological studies on the dis- 
tribution of radioactive metals with special 
reference to damaging levels of tissue 
concentration. Emory University Ninth Quar- 


terly Report (1955). 


244 


Bn-9 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Tenth Quar- 
terly Report ( 1955). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Eleventh Quar- 
terly Report (1955). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Twelfth Quar- 
terly Report (1955). 

H. D. Bruner, Distribution of manganese-54 
in the rat after intravenous injection of 
MnCl,. Amer. J. Physiol. 179, pp. 622-623 
(1954). (Abstract 

H. D. Bruner, Biological studies on the 


radioactive metals with 


distribution of 
special reference to damaging levels of tissue 


concentration. Emory University Thirteenth 
Quarterly Report (1956). 

H. D. Bruner, Biological studies on the 
distribution of radioactive metals with 
special reference to damaging levels of tissue 
concentration. Emory University Fourteenth 
Quarterly Report (1956). 

N. I. Beruin, B. M. Torsertr and J. H. 
LAWRENCE, Studies in glycine-2-C™ meta- 
bolism in man. I. Pulmonary excretion of 
CMO,. J. Clin. Invest. 30, 73 (1951). 


N. I. Berurn, B. M. To.sert and C, Lotz, 
Studies in glycine-2-C! metabolism in man. 
II. Tissue distribution. J. Clin. Invest. 31, 
335-337 (1952). 

N. I. Berwin, B. M. Tovperr and H. C. Ler, 
Metabolism of glycine-2-C™ in man. III. 
The urinary excretion of Cl and cumulative 
radiation dosimetry. J. Clin. Invest. 32, 1-4 
(1953). 

N. I. Beruin and B. M. To.iserr, Meta- 
bolism of glycine-2-C™ in man. V. Further 
considerations of pulmonary excretion of 
CMO,. Proc. Soc. Exp. Biol. Med. 88, 386-389 
(1955). 

T. C. Prentice, W. Siri, N. I. Bertin, 
G. M. Hype, R. J. Parsons, E. E. Jomner 
and J. H. LAwrence, Studies of total body 
water with tritium. J. Clin. Invest. 31, 
412-418 (1952). 


Bo-l 


G. E. Boxer and D. StTetren, Jr., Studies 
in carbohydrate metabolism. II. The 
glycogenic response to glucose and lactate 
in the previously fasted rat. J. Biol. Chem. 
155, 237-242 (1944). 

A. Bont, O. Gipeui, R. Lormar and H. V. 
WIESENDANGER, Adsorption of radioactively 
labeled sulfate (S*°O,) through the human 
skin. Dtsch. Med. Wochschr. 79, 1617-1619 
(1954); Chem. Abstr. 49, 4165 i (1955). 


O. Bopansky and W. Mops tt, The dif- 
ferential excretion of bromide and chloride 
ions and its role in bromide retention. J. 
Pharmacol. Exp. Therapeutics 73, 51-64 (1941). 
I. U. Boone, B.S. Rocers, D. C. Wuire 
and P. S. Harris, Toxicity, excretion and 
tissue distribution of ionium (Th?#®) in 
rats. Amer. Ind. Hyg. Ass. Quart. 19, 285-295 
(1958). 


J. W. Boaa, The relative biological efficiency 
of different ionizing radiations. National 
Bureau of Standards Report 2946 (1953). 


T. H. Boruwetri, G. Prrzio-Brroii and 
C. A. Fincu, Iron Absorption. I. Factors 
influencing absorption, J. Lab. Clin. Med. 
51, 24-36 (1958). 

G. Pirzio-Brrou, T. H. BorHweti and 
C. A. Fincu, Iron absorption. II. Absorption 
of radioiron administered with a standard 
meal in man. J. Lab. Clin. Med. 51, 37-48 
(1958). 


C. H. Botssevarn and W. F. Drea, Spectro- 
scopic determination of fluorine in bones, 
teeth and other organs, in relation to fluorine 
in drinking water. J. Dent. Res. 13, 495-500 
(1933). 

J. F. Bonner, Jr., The Influence of Age on the 
Uptake of radioactive Phosphorus by the Skeleton, 
AECD-1967 (No date, but declassified 26 
April, 1948). 


D. V. Booker, Radio-Caesium in Dried Milk, 
AERE. HP/R 2183 (1957). 


H. Borsoox, G. KeiGHtey, D. M. Yosr 
and E. McMuiu.tan, The urinary excretion of 
ingested radioactive sulfur. Science 86, 
525 (1937). 

H. Borsook, E. R. BucuMan, J. B. HATCHER, 
D. M. Yost and E. McMiI.tan, The course 
of thiamin metabolism in man as indicated 


by the use of radioactive sulfur. Proc. Nat. 
Acad. Sci. 26, 412-418 (1940). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


H. Bostr6m and E. Opesiap, Autoradio- 
graphic observations on the incorporation 
of S*°-labeled sodium sulfate in the rabbit 
fetus. Anat. Rec. 115, 505-514 (1953) 


E. Opresiap and H. Bostrrém, An auto- 
graphic study of the incorporation of $%°- 
labeled sodium sulfate in different organs of 
adult rats and rabbits. Acta Pathol. Microbiol. 
Scand. 31, 339-344 (1952). 

H. Bostrom, E. Opesiap and U. FRIBERG, 
A quantitative autoradiographic study of the 
incorporation of S** in tracheal cartilage. 
Arch. Biochem. Biophys. 38, 283-286 (1952). 
H. Bostrom and S. Garpeti, Uptake of 
sulphates in mucopolysaccharides esterfied 
with sulphuric acid in the skin of adult rats 
after intraperitoneal injection of S*°-labeled 
sodium sulphate. Acta Chem. Scand. 17, 
216-222 (1953). 

H. Bosrrém and E. Opesiap, Autoradio- 
graphic observations on the uptake of S*® 
in the genital organs of the female rat and 
rabbit after injection of labeled sodium 
sulfate. Acta Endocrinol. 10, 89-96 (1952). 


H. G. Borset, The radium content of some 
connate waters. Physics 5, 276-280 (1934). 


J. H. Bowes and M. M. Murray, The 
composition of teeth. I. The 
estimation of fluorine and the _ fluorine 
content of normal teeth. Biochem. J. 29, 
102-107 (1935). 

J. H. Bowes and M. M. Murray, The 
chemical teeth. II. The 
composition of human enamel and dentine. 
Biochem. J. 29, 2721-2727 (1935). 

T. C. Boyp, L. E. Naprer and A. C. Roy, 
Distribution of antimony in the body organs. 
Indian J. Med. Res. 19, 285-294 (1931). 

T. C. Boyp and N. K. De, Some applications 
of the spectroscope in medical research. 
Indian J. Med. Res. 20, 789-800 (1933). 

K. P. Basu and M. C. Marakar, Iron and 
manganese requirements of the human adult. 
J. Indian. Chem. Soc. 17, 317-325 (1940). 

K. P. Basu and M. C. MALakar, Magnesium 
metabolism in man. Jndian J. Med. Res. 28, 
333-343 (1940). 

A. M. Bruges, Toxicity of Radioactive Isotopes, 
pp. 465-470. In Medical Physics (Edited by 
O. GLAssER) Vol. II. Year Book Publishers, 
Chicago (1950). 


chemical 


composition of 


Br-2 


245 


A. M. Brues and A. N. Srroup, Retention 
of C'* Administered as Bicarbonate to Adult 
and Embryonic Mice pp. 171-180. In Biolo- 
gical Hazards of Atomic Energy (Edited by A. 
Happow). Oxford University Press (1952). 
and AECU-1091 or UAC-326 (1950). 


A. M. Brurs, Letter to K. Z. Morcan, 
28 December, 1953. 


A. M. Bruges (Editor), Biological and Medical 
Divisions Quarterly Report, November, December, 
January 1949-1950, ANL-4401. 

M. P. Frvkex, G. Hirscu, D. GARDINER and 
R. McNounis, Progress of the long-term 
polonium-mouse experiment pp. 78-95; 
W. Bioom and M. A. BLoom, Some late 
histological changes in mice after low doses 
of plutonium and radium pp. 174-184. 


A. M. Brues (Editor), Quarterly Report 
August 1947 to November 1947, Biology 
Division, ANL-4108. 

W. P. Norris and W. E. Kusteceski, The 
early distribution of Sr89.° in rats pp. 5-12; 
W. P. Norris and S. H. Conn, Progress 
report on Cl pp. 13-22; 
H. Lisco, M. FINKEL 


and G. Hrrescn, 


Progress report on the chronic P*®? mouse 


experiment pp. 80-85; 

W. Kusteceskt and L. Wooprurr, Studies 
on the distribution of plutonium in the rat 
pp. 86-103; 

W. Neat, R. SrrauBe and H. 
Progress report of applied radiochemistry 
arsenic) pp. 109-112. 

A. M. Brues (Director), Quarterly Report 
of Biological and Medical Research Division, 
ANL-5247 April, 1954. 

W. P. Norris, T. W. Speckman and P. F. 
Gustarson, The pattern of radium retention 


Ducorr, 


in man p. 6; 

M. P. Finxet and A. M. Bruges and H. 
Lisco, The toxicity of Sr’® in mice pp. 25-29; 
W. E. Kusteveski, The distribution and 
excretion of Sr®°-y® in the dog pp. 68-71. 
Report on Biological, Medical and Biophysics 
Programs, January, 1955. ANL-5378. Part I. 
J. E. Rose (Director), Semiannual Report of 
Radiological Physics Division. 

A. F. Srenney and H. F. Lucas, Jr., Intake 
and retention of radium at natural levels 
pp. 8-15; 

A. M. Brues (Director), Part II. Quarterly 
Report of Biological and Medical Research 


Division. 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


W. P. Norris, T. W. SpeckMAN and B. J. 
Hotioway, Simultaneous administration of 
Ra?26 and Ca* to dogs pp. 74-75; 

H. Watton, Jr., and A. M. Bruges, Radio- 
ruthenium toxicity studies pp. 102-105; 
M. Frinxet, H. Lisco and A. M. Bruges, 
Toxicity of Sr’? in mice. Malignant bone 
tumors pp. 106-117. 


F. W. Horrsaver (Editor), Liver Injury. 
Transactions of the Seventh Conference, 
15 and 16 January, 1948, New York; 
A. M. Brues, Effects of plutonium in the 


liver pp. 59-63. 


A. M. Bruges, A. N. Stroup and L. Rietz, 
Toxicity of tritium oxide to mice. Proc. 


Soc. Exp. Biol. Med. 79, 174-6 (1952). 


A. M. Bruges and H. Lisco (Editors), 
Quarterly Report, November, 1948 to February, 
1949, Biological and Medical Divisions, ANL- 
$253. 

J. W. Hottcrort and E. Lorenz, Retention 
of radon by the mouse. I. Experimental 


determination of biodecay and_ energy 


absorbed pp. 35-49. 
J. Cornrietp, Retention of radon by the 


mouse. II. Method of estimating biodecay 
from experimental data pp. 50-60; 

H. Lisco, The standard man pp. 96-101; 
W. P. Norris and W. Kusrecesxi, The 
metabolism of intravenously injected cal- 
cium-45 pp. 134-139; 

H. Ducorr, Jn vitro metabolism of arsenic 
pp. 162-168. 


W. M. Manninc and A. M. Brues, Letter 
to K. Z. Morcan, 9 August, 1948. 


A. A. A. S. Gibson Island Research Conferenc 
on Cancer, 1946. A. M. Bruges, H. Lisco 
and M. P. Frinxer, Carcinogenic action of 
some substances which may be a problem 
in certain future industries (Abstract) or 
Cancer Res. 7, 48 (1947) or MDDC-145 
(1946). 


A. M. Bruges and H. Lisco (Editors) 
Quarterly Report for February 1948 to May 1948, 
Biology and Medical Divisions, ANL-4163. 
J. J. Nickson, A. M. CrLoupman and S. 
BARKULIS, Report on beryllium experiment 
pp. 153-165; 


A. M. Brues and J. E. Rose (Directors), 
Report on Biological, Medical and Biophysics 
Program, July 1954, ANL-5288. 


M. P. Finxer, H. Lisco and A. M. Bruges, 
Toxicity of Sr8* in mice. Tumors among the 
control animals pp. 23-34; 

W. P. Norris, T. W. SpeckmMan, R. A. 
Craig and C. ARmMstTRONG, Studies on 
radium metabolism in rats pp. 79-82; 
A. F. Sreuney and H. F. Lucas, Jr., Intake 
and retention of radium at natural levels 
pp. 117-123; 

L. D. Marriecu, P. F. Gusrarson and 
T. W. SpeckmMan, Radium toxicity pp. 
129-130. 


A. M. Brues (Editor), Division of Biological 
and Medical Research Quarterly Report, May, 
June, July, 1952, ANL-4840. 

R. J. Hasreruik, L. D. Marinetu, A. M. 
Brurs, W. B. Looney, W. P. Norris, A. F. 
STeEHNEY and C. E. Mu™ver, Progress 
Report: clinical aspects of the radium 
toxicity program p. 56; 

M. P. Finxer, A. M. Bruges and H. Lisco, 
Progress Report: toxicity of Sr8% in mice. 
Design of experiment and survival following 
single injection pp. 57-62; 

H. Lisco and W. E. Kusteceskt, The fate of 
pathologic effects of plutonium metal 
implanted into rabbits and rats p. 63; 


J. Scuupert, A. LinpeNBAuM, M. WHITE 


and R. Lesko, Progress report: mechanisms 
of reversal of toxic ity of beryllium, boron 
and uranium pp. 77-79. 


A. M. Bruges and H. Lisco (Directors), 
Quarterly Report; May, June and July, 1949 
Biological and Medical Divisions, ANL-4333. 
M. Finke., W. E. Kustecesxr, G. M. Hirscu 
and ‘TT. J. MutHaANney, Polonium and 
CF-1 female mice: the 30-day LD,» reten- 
tion, distribution and concentration pp. 
84-96; T. J. MuLHANEY, W. P. Norris 
and W. E. Kusteteskt, A quantitative 
method for the determination of polonium 
in animal tissues pp. 103-109. 


A. M. Brues (Editor and Director), Division 
of Biological and Medical Research, Quarterly 
Report, February, March and April, 1951, 
ANL-4625. 

W. B. Looney, Radium toxicity: clinical 
studies on 24 patients p. 55; 

A. M. Brues and A. N. Stroup, Concerning 
the disposition of acutely inhaled CMO, 
pp. 99-105; 

A. M. Brues, Comparative toxicities of 
radium and plutonium pp. 106-124; 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


F. L. Jenntncs and A. M. Bruges, Toxicity 
of tritium oxide on continued administration 
in rats pp. 142-151. 


A. M. Brues (Editor), Division of Biological 
and Medical Research Quarterly Report, August, 
September, October 1950, ANL-4531. 

W. P. Norris and A. M. Brues, Summary of 
attempts to remove radium from one patient 
pp. 72-75; 

W. B. Looney and R. J. HAsrTertix, 
Radium project: clinical aspects p. 76; 
M. P. Finke and G. M. Hirscu, Progress 
of the polonium mouse experiment. II. 
Analysis at 500 days pp. 80-92; 

A. M. Brues and A. N. Srroup, Retention 
of C! administered as bicarbonate to adult 
and embryonic mice pp. 93-106; 

F. L. Jenntncs and A. M. Bruges, Progress 
report: toxicity of tritium oxide administered 
continuously to rats pp. 120-122; 

R. Saro and W. P. Norris, Determination 
of Na and P in bone by neutron activation 
analysis pp. 153-155; 

M. P. Finxer and G. M. Hirscn, Uranium 
toxicity in mice. I. Experimental design 
and results at 30 days pp. 183-190; 

W. E. Kisteceskt, W. G. KARAGHAN and 
W. P. Norris, Progress report: ‘The reten- 
tion and distribution of U?5% in mice p. 191. 


Monthly Progress Report, Report of the Work 
of the Biological and Medical Research, Radio- 
logical Physics and Health Divisions 
for the Quarterl Period ending 31 December 
1953, ANL-5200. 

A. M. Bruers, H. Lisco and M. P. FInKet, 
Carcinogenic Action of Some Substances Which 
May be a Problem in Certain Future Industries, 
MDDC-145 (Declassified 31 July 1946. 
No date of document. 


Seri ices 


H. Lisco, M. P. Finket and A. M. BrueEs, 


Carcinogenic properties of radioactive fission 
products and of plutonium. Radiology 49, 
361-363 (1947). 


A. M. Brues, H. Lisco and M. P. FINKEL, 
Biological Hazards and Toxicity of Radioactive 
Isotopes, AECU-525 or UAC-93 (No date of 
document) or J. Clin. Invest. 28, 1286-1296 
(1949), 


A. M. Bruges and A. N. Srroup, Experi- 
ments on the disposition of acutely inhaled 
CMO,. J. Nat Cancer Inst. 15, 1071-1076 
(1955). 


Br-24 


247 


A. M. Bruges and A. Naranjo, Absorption 
and Excretion of Carbon-14 as CQ, and Bicar- 
bonate, AECU-509 or UAC-45 (No date for 
the document) or Fed. Proc. 8, 18-19 (1949) 


A. M. Brues, Division of Biological and 
Medical Research Quarterly Report, May, June, 
July 1950, ANL-4488. 

S. A. TyLer and J. GuriAn, Progress report: 
the excretion of Sr8® by goats pp. 11-20; 
M. R. Wuirte, A. J. Finke and J. Scuuserr, 
Preliminary report: ACTH and experi- 
mental beryllium poisoning pp. 90-91. 


A. M. Brues and D. L. BucHANAN, Summary 
of Conference on the Toxicity of Carbon-14 Held 
at Argonne National Laboratory 15-16 January 
1952, ANL-4787. 


A. M. Bruges, Comparative Chronic Toxicities 
of Radium and Plutonium, ANL-4799 (1951). 


Biological and Medical Research Division 
Quarterly Report. July, August, September 1956 
ANL-5655. 

M. P. Finke, H. K. A. LATHROP 
and A. M. Bruges, Toxicity of locally deposi- 
ted yttrium-91 in mice. I. Experimental 
design and gross pathology pp. 39-46; 
J. F. Frrep, M. W. RosenrHat and E. 
Morett1, Progress report: manganese re- 
136. 


Lisco, 


} >? 
moval pp. 131 


Report on Biological, Medical and Biophysics 
Programs. Part 1. Semiannual Report on Radio- 
logical Physics Division. Part II. Quarterly 
Report of Biological and Medical Research 
Division January 1956, ANL-5518. 

Radium Toxicity, C. E. Mitier, 1. Intro- 
duction p. 45; R. E. Row.anp, C. E. 
Mitter and L. D. Marinetir 2. An 
americium-241 accident pp. 46-48; P. F. 
Gustarson and C, E. Miter, 3. Bremsstrah- 
lung measurement of Sr®® in dogs pp. 49-51. 
C. E. Mititer and L. D. Marine cut, 4. 
Progress report: measurement of y-ray 
activities from the human body pp. 52-56. 
M. P. Finxer, Relative effects on survival 
and tumor incidence of some _ internal 
emitters pp. 105-112; 

A. M. Bruges and S. A. TyLer, Estimation of 
total radiation dose from radium pp. 113- 
114; 

H. Lisco, M. P. Finxet and A. M. Bruges, 
Local tumors following injection of Y®'PO, 


p. 115. 


248 


Br-30 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


A. M. Bruges and D. L. BucHANAn, Studies 
of the overall carbon dioxide metabolism of 
tissue and total organisms. Cold Spring Harbor 
Symposia Quant. Piol. 13, 52-62 (1948). 


A. M. Brues, Radiation as a carcinogenic 
agent. Rad. Res. 3, 272-280 (1955). 


A. M. Brues (Director), Quarterly Report 
of Biological and Medical Research Division, 
April 1955, ANL-5426. 

T. W. SpeckMAN and W. P. Norris, Radium 
metabolism in dogs p. 11. 

M. P. Finke, J. Lestina, G. M. ScrIBNER, 
H. Lisco, R. J. Ftynn and A. M. Bruges, 
Toxicity of radiostrontium in dogs: current 
status of the long-termexperiments pp. 33-37. 


A. M. Brues (Editor), Biology Division, 
Quarterly Report May 1947 to August 1947, 
ANL-4078. 

M. P. Finke, Some further notes on the 
mice treated with plutonium before weaning 
pp. 66-75; 

M. P. Finxer, The retention of P®? by young 
adult CF-1 female mice pp. 76-77. 


A. M. Bruges (Editor), Biology Division, 
Quarterly Report November 1947 to February 
1948, ANL-4147. 

R. R. Newett and A. NarAnyjo, Experiment 
on Cl absorbed as CMO, by respiratory 
exchange pp. 96-105. 


A. M. Brues and H. (Editors), 
Biology and Medical Divisions, Quarterly 
Report May 1948 to August 1948, ANL-4205. 
S. H. Coun and W. P. Norris, Effects of 
radium on alkaline phosphatase activity of 
tissues pp. 10-23. 

A. M. Brues, D. L. BucHANAN, A. NARANJO 
and L. Rrerz, Carbon" toxicity pp. 113-117 


Lisco 


A. M. Brues and H. Luisco (Editors), 
Biological and Medical Divisions, Quarterly 
Report February, March, April 1949, ANL-4291 
A. M. Croupman, D. Vintnc, S. BARKULIS 
and J. J. Nickson, Bone changes observed 
following intravenous injections of beryllium, 
pp. 79-89; 

D. L. BucHAnan and A. DrVirrorio, 
Progress report: chronic exposure to CMO, 
pp. 99-106; 

W. E. Kuste_eski and W. P. Norris, The 
effect of BAL on the distribution and meta- 
bolism of P®? and Sr® pp. 118-123. 


Br-37 


A. M. Brues (Editor), Division of Biological 
and Medical Research, Quarterly Report, Novem- 
ber, December 1950 and January 1951, ANL- 
4571. 

D. L. BucHANAN, Elimination of intra- 
venous carbon-14 bicarbonate by man p. 101 


A. M. Bruges (Editor), Division of Biological 
and Medical Research, Quarterly Report May, 
June and July 1951, ANL-4676. 

J. W. Hottcrorr and E. Lorenz, The 
30-day LD». of two radiations of different 
ion density p. 22. 


A. M. Brues (Editor), Division of Biological 
and Medical Research, Quarterly Report, Novem- 
ver, December 1951 and January 1952, ANL- 
4745. 

L. D. Marrinetui and P. F. GustTAarson, 
Progress report: rate of disappearance of 
RaSO, dust from the human lung p. 47; 
M. P. Frnxet and G. M. Hirscn, Prelimi- 
nary report: toxicity of carbon-14 pp. 51-52; 
R. W. Swick, D. L. BucHANAN and A, 
NAKAO, Studies on the distribution of 
fixed carbon p. 94; 

A. Nakao and D. L. BucHANan, Studies on 
the physiological status of bone carbonate 
p. 95. 


A. M. Brues (Editor), Division of Biological 
and Medical Research, Quarterly Report, February, 
March, April, 1952, ANL-4794. 

L. D. Marrinevir and P. F. Gustrarson, 
Progress report: rate of disappearance of 
RaSO,, dust from the human lung pp. 61-65; 
M. P. Finxet and G. M. Hirscn, Progress 
report: the incidence of malignant bone 
tumors in the long-term toxicity experiments 
with uranium, plutonium and _ radium 


pp. 71-81. 


A. M. Brues (Director), Quarterly Report 
of Biological and Medical Research Division, 
ANL-5332. 

M. W. RosenTHAL and J. ScHuBert, Effect 
of zirconium on the distribution of Pu? 
at different time intervals after injection 
pp. 82-84. 

A. M. Bruges (Director), Division of Biological 
and Medical Research Quarterly Report, August, 
September and October 1952, ANL-4932. 
R. J. HAsTer.ik, Clinical studies on patients 
containing radium p. 15; 

M. P. Finxet, H. Lisco and A. M. Bruges, 
Progress report: toxicity of plutonium-239 
in rats pp. 16-22. 


Br-43 


Br-46 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 249 


A. M. Bruges and H. Lisco (Editors), 
Biological and Medical Divisions, Quarterly 
Report August 1948 to November 1948, ANL- 
4227. 

M. P. Finxet, Five puppies born with 
radiostrontium: a preliminary note pp. 71— 
82; 

A. M. CLoupman, D. Vininc, J. J. Nickson 
and S. Barkutis, Progress report on beryl- 
lium experiment pp. 181-182; 

M. A. BLoom and W. Boom, Late effects of 
radium and plutonium on bone pp. 188-189. 


A. M. Brues (Editor), Division of Biological 
and Medical Research Quarterly Report, August, 
September, October 1951, ANL-4713. 

L. D. Marinecu, P. F. Gustarson, R. E. 
Rowtanp and C. E. Miter, Progress 
report: radium toxicity program pp. 59-64; 
W. B. Looney, Progress report: medical 
aspects of the radium toxicity program p. 65; 
W. P. Norris, T. W. SpecKMAN and M. 
Myrick, Radium toxicity and metabolism 
Pp. Fas 

M. P. Finket and G. M. Hirscu, Progress 
report: uranium toxicity in mice; radium- 
226 and plutonium-239 toxicities in mice 
pp. 119-122. 


Biological and Medical Research Division, 
Quarterly Report, October, November, December 
1956, ANL-5696. 

M. P. Finxex, R. J. Firynn, J. W. CLark, 
G. Scripner, J. Lesrina, H. Lisco and A. 
M. Brues, Toxicity of radiostrontium in 
carnivores: current status of the long-term 
cat and dog experiments pp. 16-20; 


J. F. THomson and F. J. Kurprev, Progress 


report: deuterium oxide intoxication in 
rats pp. 64-67; 

A. J. Finxer, D. Czayxa, H. L. Crespr and 
D. W. Symon, Studies on effects of deuterium 
oxide. I. The course of deuteration of mice 
pp. 68-70; 

A. J. Finxer, D. Czajxa and B. VAN Doan, 
Studies on effects of deuterium oxide. II. 
Liver function studies in deuterated mice 
pp. 71-73. 

C. F. Decker, W. CuHavin and W. P. 
Norris, The comparative skeletal retention of 
calcium and strontium in Epinephalus striatus 
Bloch. pp. 89-91. 


A. M. Brues (Director), Biological and 
Medical Research Division Quarterly Report, 
April, May, June 1956, ANL-5597. 


M. P. Finket and G. M. Scrisner, Toxicity 
of strontium-90 and of calcium-45, in mice 
pp. 16-20. , 

M. H. SaAnperson and S. P. STEARNER, 
The effect of ionizing radiation on fertility 
in the female mouse. II. Polonium-210 
pp. 39-40. 

J. F. Tomson, F. J. Kureret and J. J. Karz, 
Deuterium oxide intoxication in rats pp. 
41-43. 

T. W. SpeEcKMAN and W. P. Norris, The 
retention of strontium-85 in rats as a function 
of animal age at injection pp. 77-78. 
B. J. Hottoway and W. P. Norris, Metab- 
olism of calcium-45 in soft tissues pp. 
79-80. 

A. M. Bruges (Editor), Biological and Medical 
Divisions Quarterly Report February, March, 
April 1950, ANL-4451. 

S. A. TYLer and J. GurIAn, Progress report: 
a comparative study of the time patterns of 
Sr’® excretion characterizing various labora- 
tory animals pp. 16-19. 


A. M. Bruges (Director) Division of Biological 
and Medical Research Quarterly Report, November 
and December 1952 and January 1953, ANL- 
4948. 

A. F. Sreuney and H. F. Lucas, Jr., 
Elimination of breath radon at room air 
levels pp. 56-61. 


A. M. Brues (Director), Quarterly Report 
of Biological and Medical Research Division, 
October 1955, ANL-5486. 

M. P. Finxet, J. Lestrna and D. Czayjxa, 
Radiostrontium and Felis domesticus pp. 
26-30; 

P. F. Gusrarson and L. D. MArINeELLI, 
Th??? accident pp. 93-95. 


A. M. Brues (Director), Quarterly Report of 
Biological and Medical Research Division for 
April, May, June 1955, ANL-5456. 

M. P. Finxet and G. M. Scrisner, Toxicity 
of strontium-90 and of calcium-45 in mice. 
I. Status of experiments 200-300 days after 
injection pp. 36-37; 

H. Watton, Jr. and A. M. Bruges, Radio- 
ruthenium transport in mice pp. 75-80. 


A. M. Brugs, Ionizing radiations and cancer 
pp. 177-195. In Advances in Cancer Research 
(Edited by J. P. Greensrern and A. Hap- 
pow) Volume II (1954). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


A. M. Bruges, Pathologic effects of ionizing 
radiation and radioactive material. Biochem. 
J. 42, xxii (1948). (Abstract.) 


Argonne National Laboratory. Biological and 
Medical Research Division Semiannual Report, 
January through June 1957, ANL-5732. 

M. P. Finxet, R. J. Frynn, J. Lesrina and 
D. M. CzajyKa, Radiostrontium at “optimum 
carcinogenic level” in the dog: effect upon 
morbidity of total blood exchange shortly 
after injection pp. 15-20; 

M. P. Finxet, B. J. TELLeKson, J. Lestina 
and B. O. Biskis, The influence of dosage 
pattern upon the toxicity of Sr®° in mice. I. 
Preliminary experiment and 212-day survey 
of the long-term study pp. 21-31. 


A. M. Bruges (Director), Biological and 
Medical Research Division Semiannual Report, 
January through June 1958, Argonne National 
Laboratory, ANL-5916. 

M. P. Frvxe and B. O. Bisk1s, Comparative 
carcinogenicity of Ra?*6, Sr°° and Ca*® in 
mice pp. 18-24; 

A. J. Finxen and D. M. Czajxa, Penicilla- 
mine and plutonium metabolism p. 107. 
F. Devik and A. M. Bruges, Multiple 
isotope injection in mice (Ce!*, Cs!87 and 
Zn®) pp. 108-110; 

P. F. Gustarson and A. M. Brues, A study 
of the radioactivity found in grass grown on 
thorium-bearing (monazite) sand pp. 129- 
130. 

R. Braupeg, A. A. Free, J. E. PAGE and E. L. 
Situ, The distribution of radioactive cobalt 
in pigs. Brit. J. Nutrition 3, 289-292 (1949). 


F. Brupevotp and L. T. STeapMan, A 
study of copper in human enamel. J. Dent. 
Res, 34, 209-216 (1955). 


F. BrupevoLp, L. T. SreapmMan, D. E. 
GARDNER, J. Row.ey and M. F. Litt.e, 
Uptake of tin and fluorine by intact enamel. 
J. Amer. Dent. Assoc. 55, 159-164 (1956). 


R. Berc, Occurrence of unusual elements in 
foods and human excreta. Biochem. Z. 165, 
461-462 (1925); Chem. Abstr. 20, 2508 
(1926 


British Institute of Radiology, Nineteenth Annual 
Congress, 27, 28 and 29 November 1957. 
Symposium on the effects of radium and 
radiostrontium deposition in bone. R. T. 
HASTERLIK, J. VAUGHAN and F. W. Sprers, 
Brit. J. Radiol. 31, 59 (1958). (Abstract.) 


Brn-l 


Bro-l 


J. H. Burn, The physiological action of 
aluminum. Analyst 57, 428-440 (1932). 

F. Bronner, R. S. Harris, C. J. MALETSKOs 
and C. E. Benpba, Studies in calcium metab- 
olism. The fate of intravenously injected 
radiocalcium in human beings. J. Clin. 
Invest. 35, 78-88 (1956). 

R. L. Wanner, J. R. Moor, F. BRONNER, 
N. S. Pearson and R. S. Harris, Species 
differences in excretion of intravenously 
injected calcium-45. Fed. Proc. 15, 575-576 
(or abstract 1880) (1956). 

F. BRONNER, Disposition of intraperitoneally 
injected calcium-45 in suckling rats. J. 
Gen. Physiol. 41, 767-782 (1958). 

F. Bronner and R. S. Harris, Absorption 
and metabolism of calcium in human beings, 
studies with calcium. Ann. N.Y. Acad. Sci. 
64, 314-325 (1956-1957). 

G. BRuUCKMANN and S. G. Zonpek, Iron, 
copper and manganese in human organs at 
various Biochem. J. 33, 1845-1857 
(1939). 


ages. 


K. Brown-GRant and J. G. Grsson, Uptake 
of radioiodine by the thyroid gland of the 
rabbit. J. Physiol. 127, 328-340 (1955). 

F. J. Bryant, E. H. Henperson, G. S. 
Spicer, M. S. W. Wess and T. J. WEBBER, 
Radioactive and Natural Strontium in Human 
Bone, U.K. Results for 1957, A.E.R.E. 
C/R 2583 (1958). 

L. K. Busrap, Chronic Toxicity of Radioiodine, 
Meeting of the Biomedical Program Direc- 
tors of the United States Atomic Energy 
Commission, 13—14 October, 1952. 

S. Marks, N. L. Dockxum and L. K. Busrap, 
Histopathology of Sheep Thyroid in Chronic 
Administration of Iodine-131, HW-38758 (1955) 
L. K. Busrap, L. A. GeorGe, JR., S. MARKs, 
D. E. Warner, C. M. Barnes, K. E. HERDE 
and H. A. Kornperc, Biological Effects of 
Todine-131 Chronically Administered to Sheep, 
HW-38757 (1955). 

M. H. Weeks, L. A. Georce, Jr., W. D. 
OAKLEY, L. K. Busrap and R. C. THompson, 
Gastro-Intestinal Absorption of Plutonium, II. 
Comparison between Rat and Pig, HW-33744 
(1954). 

L. K. Busrap, S. Marks, L. A. GeorGE, 
Jr., L. J. Seigneur, Thyroid adenomas in 
sheep administered iodine-131 daily. Nature, 
Lond. 179, 677 (1957). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


L. K. Bustap and J. L. Terry, Basic 
Anatomical, Dietary and Physiological Data for 
Radiological Calculations, HW-41638 (1956). 


L. K. Busrap, L. A. Georce, Jr., S. MARKs, 
D. E. Warner, C. M. Barnes, K. E. HERDE 
and H. A. Kornserc, Biological effects of 
iodine-131 continuously administered to 
sheep. Rad. Res. 6, 380-413 (1957). 


P. L. Hackett, T. W. GAcBrarrH, C. A. 
BENNETT and L. K. Busrap, Changes in Blood 
Constituents in Sheep Following Prolonged Daily 
Administration of  Todine-131, HW-48743 
(1957). 


L. K. Busrap, D. E. WARNER and H. A. 
KornserG, Effect of stable iodine on uptake 
of radioiodine in sheep. Amer. J. Vet. Res. 
19, 893-894 (1958). 


J.J. BertTrRAND, H. Warne and C. A. Tostas, 
Distribution of gold in the animal body in 
relation to arthritis. J. Lab. Clin. Med. 33, 
1133-1138 (1948). 


E. J. BAumAN, N. Zizmer, E. Osury and 
S. M. Semin, Behavior of the thyroid 
toward elements of the seventh periodic 
group. II. Rhenium. Proc. Soc. Exp. Biol. 
Med. 72, 502-506 (1949). 


Z. M. BuKHTOYAROVA and V. K. LEMBERG, 
Remote consequences of plutonium damage. 
Summaries of Papers Presented at the Conference 
on the Remote Consequences of Injuries Caused by 
the Action of Ionizing Radiation, Committee on 
Medical Radiology, Ministry of Health, U.S.S.R., 
Moscow 1956. English translation pp. 38-39 
1957). 


G. J. Butxtey, J. A. D. Cooper and V. J. 
O’Conor, Intraprostatic injection of radio- 
active yttrium chloride in the dog. Surgery, 


Gynecol. Obstet. 100, 405-408 (1955). 


F. R. Burnot, The toxicity of osmium 
tetroxide (osmic acid). J. Industr. Hygiene 


15, 139-143 (1933). 


L. N. Buryxina, The 
small doses of radioactive strontium on dogs. 
Summaries of Papers Presented at the Conference 
on the Remote Consequencies of Injuries Caused by 
the Action of Ionizing Radiation, Committee on 
Medical Radiology Ministry of Health, U.S.S.R., 
Moscow 1956. English translation pp. 61-65 
(1957). 


chronic action of 


Bv-l 


Bw-2 


251 


V. P. Bonn and O. D. Easterpay, Effects 
of heavy particles from B?° (n, «) Li’ re- 
action on acute mortality in the mouse. 
Fed. Proc. 15, 21 (1956). 

W. F. Bate, Unpublished Memo. entitled 
Hazards Associated with Radon and Thoron, 
14 March 1951. 


J. F. Manery and W. F. BAe, The penetra- 
tion of radioactive sodium and phosphorus 
into the extra- and intra-cellular phases of 
tissues. Amer. J. Physiol. 132, 215-231 (1941). 
M. L. Manty and W. F. BAe, The metab- 
olism of inorganic phosphorus of rat bones 
and teeth as indicated by the radioactive 
isotope. J. Biol. Chem. 129, 125-134 (1939). 
W. R. BRApDLeEy and W. G. Freprickx, The 
toxicity of antimony. Industr. Med. Industr. 
Hygiene Sect. 10, 15-22 (1941). 
J. H. Doucuerrty, J. Z. Bowers, R. C. Bay 
and P KeryAnonpA, Comparison of hema- 
tologic effects of internally deposited radium 
and plutonium in dogs. Radiology 65, 253-259 
1955). 
G. W. Casarett, Histopathology of Alpha 
Radiation from Internally Administered Polo- 
nium, Part I, UR-201; Part II, UR-201 
1952). 
L. J. Casaretr, Autoradiographic Study of 
Effects of Route of Administration on Distribution 
of Polonium-210, UR-447 (1956 . 
G. W. Casarett, Pathologic Effects of Orally 
Administered Polonium, UR-477 (1956). 
P. E. Morrow, F. A. Sorru, L. J. CASARETT 
and R. J. Derta Rosa, Absorption of 
polonium from the gastrointestinal tract of 
the cat. J. Pharmacol. Exp. Therapeutics 110, 
40 (1954) (Abstract). 
H. O. Carvery, Trace elements in foods 
Food Research 7, 313-331 (1942). 
W. O. Caster, Strontium-90 hazard: 
Relationships between maximum permissible 
concentration and population mean. Science 
125, 1291 (1957). 
A. Catscu, Maximum permissible concen- 


tration of radioisotopes. Atomkern Energie 2, 
181-186 (1957) (In German). 


A. Catscu, The influences of isotopic and 
nonisotopic carriers on the behavior of Sr®° 
in the rat. Experientia 13, 312-313 (1957) 


Nucl. Sci. Abstr. 11, 12654 


(In German) ; 
(1957). 


252 


Cat-3 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


A. Carscn and H. MeEtcnuincer, Unter- 
suchungen uber Therapeutische Moglich- 
keiten bei Vergiftungen mit Radioaktiven 
Spaltprodukten. 5. Mitteilung: Der Ein- 
fluss von Chelatbildnern auf das Biologische 
Verhalten von Radiostrontium.  Strahlen- 
therapie 108, 63-72 (1959). 

D. H. Copp, The role of nuclear physics in 
medicine and dentistry. II. Use of radioactive 
tracers in the study of bones and teeth. 
Amer. J. Orthodont. 33, 109-115 (1947). 


D. C. Jones and D. H. Copp, Metabolism 
of radioactive strontium in adult, young and 
rachitic rats. J. Biol. Chem. 189, 509-514 
195] 
D. C. Jones and D. H. Copp, Studies of Bone 
Metabolism with the Aid of Radioactive Strontium, 
AECD-1962 (1948). 
H. CremBer, Proposals for Further Studies on 
Lung Hazards of Insoluble 
Radioactive Particulate AECU-3135 
(1954). 
H. Cempber, T. F. 
T. Grucci 
radioactive barium sulfate particles from 
Med. Assoc. Arch. Industr. 
1956). 


Inhalation 


Matter, 


from 


Hatcu, J. A. WATson, 
and P. BELL, 


the lung. Amer. 


Hlth. 13, 170-176 


J. N. Cumines, The estimation of potassium 


and potassium content of normal voluntary 


Biochem. J. 33, 642-644 (1939). 


muscle. 


J. N. Cumrincs, The copper and iron content 


of brain and liver in the normal and in 
Brain 71, 


hepato-lenticular degeneration. 
410-415 (1948). 

Official Minutes of Chalk River Conference on 
Pe missible Inte rnal Dose, Held al Chalk River 
Canada, 29 30 September 1949, RM-10. 


K. P. CHAKRABORTY, Variations in uptake 
of radioiodine in the rat following different 
modes of Endocrinol. 
13, 354-359 
L. A. CHERKASSKY, Changes in bones induced 
by the introduction of radioactive strontyim, 
Voprosy Onkologii 2, 275-284 (1956) “(In 
Translation no. AEC-TR-3088 


administration. J. 
1956). 


Russian). 
(1958). 
R. C. Goupperc and I. L. CnHarkorr, 
Development of thyroid neoplasms in the 
rat following a single injection of radioactive 
iodine. Proc. Soc. Exp. Biol. Med. 76, 563-566 
(1951). 


Elimination of 


Ci-2 


G. D. Porter, A. Tauroc and I. L. Cuar- 
KorF, The iodine-131 irradiated rat thyroid: 
its altered response to various stimuli and 
the changes induced in its iodine metabolism. 
Endocrinology 59, 12-26 (1956). 


J. Cuorak, Spectrographic analysis of 
biological material. II. Bismuth. Jndustr. 
Eng. Chem. 9, 26-27 (1937). 


J. Cuoiak and D. M. Hussarp, Determina- 
tion of cadmium in biological material. 
Industr. and Eng. Chem. (Annual Ed.) 16, 
333-336 (1944). 

J. Cuorax and D. M. Hupparp, Spectro- 
graphic beryllium in 
biological material and in air. Analyt. Chem. 


20, 73-76 (1948). 


determination of 


J. Cuorax and R. V. Story, Spectrochemi- 

cal determination of trace metals in biological 

material. J. Opt. Soc. Amer. 31, 730-738 
1941). 


A. Burts (Editor), Copper. The Science and 
Technology of the Metal, Its Alloys and Com- 
pounds. Reinhold, New York (1954); F. F. 
Heryrotu and J. CHoLak, Copper in biology 
pp. 853-863. 

I. R. Campsett, J. S. Cass, J. CHoLAK and 
R. A. Kenor, Aluminum in the environ- 
ment of man. A review of its hygienic 
status. Amer. Med. Assoc. Arch. Industr. Hlth. 
15, 359-448 (1957). 


J. Cuorak and R. V. Story, Spectrographic 
analysis of biological material. III. Lead, 
Industr. 
10, 619-622 (1938). 


tin, aluminum, copper and silver. 
Eng. Chem. (Anal. Ed. 


J. Cuotax, D. M. Hupssarp and R. E. 
Burkey, Determination of zinc in biological 
material. IJndustr. Eng. Chem. (Anal. Ed.) 15, 
754-759 (1943). 

A. C. CHAMBERLAIN and R. C. CHapwick, 
Deposition of airborne radioiodine vapor. 
Nucleonics 11, No. 8, 22-25 (1953). 

A. C. CHAMBERLAIN and E. D. Dyson, The 
Dose to the Trachea and Bronchi from the Decay 
Products of Radon and Thoron. AERE HP/R 
1737 (1955) or Brit. J. Radiol. 29, 317-325 
(1956). 

F,. J. Bryant, A. C. CHAMBERLAIN, A. 
Morcan and G. S. Spicer, Radiostrontium 
Fallout in Biological Materials in Britain, 
AERE HP/R 2056 (1956). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 253 


D. V. Booker, F. J. Bryant, A. C, CHam- 
BERLAIN, A. MorcGaAn and G. S. Spicer, 
Radiostrontium and Radiocaesium Measurement 
in Biological Materials To December 1956, 
AERE, HP/R-2182 (1957). 


D. V. Booker, F. J. Bryant, R. C. CHap- 
wick, A. C. CHAMBERLAIN and A. MorGAn, 
Radiostrontium Fallout in Soil, Plant and Bone 
up to December 1955, AERE, HP/M 108 
(1956). 


F. J. Bryant, A. C. CHAMBERLAIN, A. 
Morcan and G. S. Spicer, Radiostrontium 
in Soil, Grass, Milk and Bone in the United 
Kingdom. 1956 Results, AERE, HP/R 2353 


(1957). 


\ 


F, J. Bryant, A. C. CHAMBERLAIN, A. 
Morcan and G. S. Spicer, Radioactive 
strontium in soil, grass, milk and bone. 
Lancet 2, No. 7002, 942 (1957). 


F, J. Bryant, A. C. CHAMBERLAIN, A. 
MorGan and G. S. Spicer, Radiostrontium 
in soil, grass, milk and bone in U.K.; 
1956 results. J. Nucl. Enerey 6, 22-40 (1957). 


F, J. BRYANT, A. C. CHAMBERLAIN, G. 5S. 
Spicer and M.S. W. Wess, Strontium in 
diet. Brit. Med. J. 1, 1371-1375 (1958). 


H. G. Crose, Chloride and water constitution 
of tissues. Biochem. J. 27, 967-975 (1933). 


I. G. Campsetrt, D. F. Wuire and P. R. 
Payne, Uptake of water 
vapour by mammalian lung. Brit. J. Radiol. 
24, 682-684 (1951). 


tritium-labeled 


J. E. Campse tt and L. H. Tatrey, Associa- 
Proc. 


blood. 


(1954). 


tion of polonium-210 with 


Soc. Exp. Biol. Med. 87, 221-223 


S. H. Conn, R. K. Snow and J. K. Gone, 
Radon inhalation studies in rats. Amer. Med. 
Assoc. Arch. Industr. Hygiene Occ. Med. 7, 
508-515 (1953). 


S. H. Conn, W. B. Lane, J. K. Gone, 
L. WEISBECKER and W. L. MILNE, Studies 
on the Metabolism of Inhaled Aerosols of Strontium 
and Lanthanum, USNRDL-TR-175 (1957). 


S. H. Conn, W. B. Lane, J. K. Gone, 
R. K. Futter and W. L. Mine, Radioioxicity 
Resulting from Exposure to Fallout Simulant. I. 
The Metabolism of an Inhaled and Ingested 
Simulant of Fallout Produced by a Land-Based 
Nuclear Detonation, USNRDL-TR-118 (1957). 


Cn-4 


S. H. Coun, R. W. Rrnenart, J. S. RoBert- 
son, J. K. Gonc, W. L. Mitne, W. H. 
CHAPMAN and V. P. Bonn, Internal Radioactive 
Contamination of Human Beings Accidentally 
Exposed to Radioactive Fallout Material, 
USNRDL-TR-86 (1956). 

C. L. Comar, Radioisotopes in nutritional 
trace element studies. II. Cobalt and 
manganese. Nucleonics 3, 30-42 (1948). 
C. L. Comar and G. K. Davis, Cobalt 
metabolism studies. IV. Tissue distribution 
of radioactive cobalt administered to rabbits, 
swine and young calves. J. Biol. Chem. 170, 
379-389 (1947). 

C. L. Comar, Radioisotopes in nutritional 
trace element studies, III. Copper, molyb- 
denum and zinc. Nucleonics No. 5, 3, 34-48 
(1948). 

C. L. Comar, L. SINGER and G. K. Davis, 
Molybdenum metabolism and interrelation- 
ships with copper and phosphorus. J. Biol. 
Chem. 180, 913-922 (1949). 
C. L. Comar and G. K. 
metabolism III. 
tissue distribution of radioactive 
administered to cattle. Arch. Biochem. 12, 
257-266 (1947). 

C. L. Comar, G. K. Davis and L. SINGER, 
Fate of radioactive copper administered to 
the bovine. J. Biol. Chem. 174, 905-914 (1948). 
C. L. Comar (Director), University of 
Tennessee—Atomic Energy Commission Agricul- 
tural Research Program, Quarterly Progress and 
Work Accomplishment Report for Quarter Ending 
30 June, 1952. 

C. L. Comar University of 
Tennessee—Atomic Energy Commission Agricul- 
tural Research Program, Quarterly Progress Work 
Accomplishment Report for Quarter Ending 31 
December 1952. 

C. L. Comar, S. L. HAnsarRD and M. P. 
PLUMLEE, Absorption and tissue distribution 
cattle. J. Animal Sei. 


Coba!t 
and 
cobalt 


Davis, 


studies. Excretion 


(Director), 


of radiocalctum in 
11, 524-535 (1952). 
C. L. Comar and S. L. Hoop (Editors), 
The Role of Atomic Energy in Agricultural 
Research. Proceedings of the Fourth Annual Oak 
Ridge Summer Sympositum—25-30 August 1952, 
TID-5115. 

G. K. Davis, Isotope studies with trace 
elements in animal nutrition pp. 171-184; 
C. L. Comar, Skeletal metabolism studies 
with radiocalcium pp. 225-2393 


254 


Co-12 


Co-13 


Co-14 


Co-15 


Co-16 


Co-17 


Co-18 


Co-19 


Co-20 


Co-21 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


H. E. Skipper, Carbon-14 studies in animals 
and health hazards pp. 241-252. 


S. L. Hansarp, C. L. Comar and G. K. 
Davis, Effects of age upon the physiologic 
behavior of calcium in cattle. Amer. J. 
Physiol. 177, 383-389 (1954). 


S. L. Hoop and C. L. Comar, Metabolism 
of cesium-137 in laboratory and domestic 
animals. Arch. Biochem. Biophys. 45, 423-433 
1953); also ORO-91 (1953). 


C. L. Comar (Director), University of 
Tennessee—Atomic Energy Commission Agricul- 
tural Research Program, Semi-Annual Progress 
Report for 1 January 1954 to 30 June 1954, 
ORO-133. 


S. L. Hansarp, C. L. Comar and M. P. 
PLuMLEE, Effect of calcium status, mass of 
calcium administered and Ca 
metabolism in the rat. Proc. Soc. Exp. Biol. 
Med. 78, 455-460 (1951). 


W. J. Visex, R. A. Monroe, E. W. Swanson 

and C. L. Comar, Calcium metabolism in 

with calcium-45. J. 
1953). 


age on 


dairy cows studied 
Dairy Sci. 36, 373-38 


C. L. Comar, W. E. Lorz and G. A. Boyp, 
Autoradiographic studies of calcium, phos- 
phorus and strontium distribution in the 
bones of the growing pig. Amer. J. Anat. 


90, 113-129 (1952). 
Cc L. 


Tennessee 
tural Research Program, Semi-Annual Progress 
Report for 1 July to 31 December 1953, 
ORO-110. 


CoMAR Director), 


Atomic Energy Commission Agricul- 


C. L. Comar (Director), University of 
Tennessee—Atomic Energy Commission Agricul- 
tural Research Program. Quarterly Progress 


Report for Two Quarters ending 31 March 1953 
and 30 June 1953, ORO-98. 

W. J. Visex, I. B. Wurrney, U.S. G. Kunn, 
III, and C. L. Comar, Metabolism of Cr®! 
by animals as influenced by chemical state. 
Proc. Soc. Exp. Biol. Med. 84, 610-615 (1953). 
R. Kutwicn, S. L. HAnsarp, C. L. CoMAR 
and G. K. Davis, Copper, molybdenum and 
zinc interrelationships in rats and swine. 
Proc. Soc. Exp. Biol. Med. 84, 487-491 (1953). 
C. L. Comar, Radioisotopes in Biology and 
Agriculture. Principles and Practice. McGraw- 


Hill, New York (1955). 


University of 


Co-22 


Co-23 


Co-24 


Co-25 


Co-26 


Co-27 


Co-28 


Co-29 


Co-30 


Co-31 


Co-32 


C. L. Comar, G. K. Davis and R. F. 
Taytor, Cobalt metabolism studies. I. 
Radioactive cobalt procedures with rats and 
cattle. Arch. Biochem. 9, 149-158 (1946). 


R. A. Monroe, H. Parricx, C. L. Comar 
and O. E. Gorr, Metabolism of vitamin B,». 
The comparative excretion and distribution 
in the chick of Co® and vitamin B,, labeled 
with Co, Poultry Sci. 31, 79-84 (1952). 


C. L. Comar, I. B. Wuirney and F. W. 
LENGEMANN, Comparative utilization of 
dietary strontium-90 and calcium by the 
developing rat fetus and growing rat. 


Proc. Soc. Exp. Biol. Med. 88, 232-236 (1955). 


C. L. Comar, R. H. WAssERMAN and M. M. 
Notp, Strontium-calcium discrimination 
factors in the rat. Proc. Soc. Exp. Biol. Med. 
92, 859-863 (1956). 


J. D. Perxinson, Jr., I. B. Wuirney, R. A. 


Monroe, W. E. Lorz and C. L. Comar, 
Metabolism of fluorine-18 in domestic 
animals. Amer. J. Physiol. 182, 383-389 


1955). 


S. L. Hansarp, C. L. Comar and M. P. 
PLUMLEE, Effects of age upon calcium 
utilization and maintenance requirements 
Animal Sci. 13, 25-36 


in the bovine. J. 


(1954). 


F. W. LENGEMANN, C. L. Comar and R. H. 
WASSERMAN, Absorption of calcium and 
strontium from milk and nonmilk diets. 
J. Nutrition 61, 571-583 (1957). 


C. L. Comar, R. H. WAsseRMAN, S. ULLBERG 
and G. A. ANpDREws, Strontium metabolism 
and strontium-calcium discrimination in 
man. Proc. Soc. Exp. Biol. Med. 95, 386-391 
(1957). 


P. M. Jounsron and C. L. Comar, Auto- 
radiographic studies of the utilization of 
S*5-sulfate by the chick embryo. J. Biophys. 
Biochem. Cytology 3, 231-238 (1957). 


C. L. Comar, R. S. Russert and R. H. 
WASSERMAN, Strontium-calcitum movement 
from soil to man. Science 126, 485-492 (1957). 


R. H. WasseRMAN, C, L. Comar and M. M. 
Nop, Influence of amino acids and other 
organic compounds on gastrointestinal ab- 
sorption of radiocalcium and radiostrontium. 


Fed. Proc. 15, 576 (abstract 1881) (1956). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 255 


L. F. BELANGER, W. E. Lotz, W. J. VisEx 
and C. L. Comar, Autoradiographic visua- 
lization with calcium-45 of normal growth of 
the incisor of pigs and the effect of fluorine 
feeding. Anat. Rec. 119, 53-69 (1954). 


C. L. Comar, M. M. Notp and R. L. Hayes, 
Estimated Tissue Dose from Internally Adminis- 
tered Radioisotopes. Quarterly Progress report 
1 March 1957—-1 June 1957. (Unpublished 
data as of 30 October 1957). 


R. H. WasserRMAN, C. L. Comar, M. M. 
Notp and F. W. LENGEMANN, Placental 
transfer of calcium and strontium in the rat 
and rabbit. Amer. J. Physiol. 189, 91-97 
(1957). 

R. H. WasseRMAN, C. L. Comar and M. M. 
No tp, The influence of amino acids and other 
organic compounds on the gastrointestinal 


absorption of calcium-45 and strontium-89 
in the rat. J. Nutrition 59, 371-383 (1956). 


R. V. Tatmace, J. C. ScHoorey and C. L. 
Comar, Differential removal of strontium-85 
and calcium-45 from the rat skeleton by 
peritoneal lavage. Proc. Soc. Exp. Biol. 
Med. 95, 413-417 (1957). 

C. L. Comar (Editor), Atomic Energy and 
Agriculture. Publication No. 49 of the American 
Association for the Advancement of Sctence (1957). 
G. K. Davis, Radioactive Micronutrients in 
animal metabolism pp. 231 

Cc. L. Comar and R. H. WaAssERMAN, 
Macronutrient metabolism pp. 249-304. 
C. L. Comar (Director), University of 
Tennessee—Atomic Energy Commission, Agricul- 
tural Research Program, Quarterly Progress and 
Work Accomplishment Report for Quarter 
Ending 30 September 1952. Fission product 
metabolism. Cesium and yttrium pp. 4-5; 
Calcium metabolism in animals pp. 6—16; 
Phosphorus metabolism in animals pp. 
17-32; Calcium metabolism in dairy cows as 
studied with Ca? pp. 34-44. 

R. H. WasserMAN and C. L. Comar, 
Dietary calcium levels and retention of 
radiostrontium in the growing rat. Science 
126, 1180-1182 (1957). 

C. L. Comar and R. H. WAssERMAN, Stron- 
tium-calcium metabolism in man and 
animals as studied by radioisotope methods. 
Presented at the International Conference on 
Radioisotopes in Scientific Research, September 
9-20, 1957, Paris, France, Vol. IV, pp. 191- 
206. Pergamon Press, London (1958). 


Co-42 R. H. WasserMAn, A. R. Twarpock and 


C. L. Comar, Metabolic dissociation of 
short-lived barium-137m from its cesium- 
137 parent. Science 129, 568-569 (1959). 
L. J. Gore, P. C. Nowe. and M. E. E.tis, 
Incidence of Neoplasms in Mice Protected against 
Lethal Doses of X-ray by Spleen Homogenate. 
USNRDL-TR-82 (1956). 

M. Comet, Physiological action of strontium. 
Atti. Accad. Naz Lincei. 9, 663-665 (1929); 
Chem. Abstr. 23, 4974 (1929). 

M. Comet, Is strontium fixed in tissues? 
Atti. Accad. Naz Lincei. 11, 321-324 (1930) ; 
Chem. Abstr. 24, 3560 (1930). 

L. W. Conn, H. L. Wessrer and A. H. 
Jounson, Chromium toxicology. Absorption 
of chromium by the rat when milk containing 
chromium was fed. Amer. J. Hygiene 15, 
760-765 (1932). 

J. CornriteLp, Retention of radon by the 
mouse. II. Method of estimating the bio- 
decay from experimental data. Nucleonics 
5, No. 4, 68-75 (1949). 

E. J. Conway and J. C. Fioop, Micro- 
determination of bromide, with application 
to blood and urine and observations on the 
normal human subject. Biochem. J. 30, 
716-727 (1936). 

A. J. Cox, Jr. and E. B. RopceErson, 
Action of thallium in experimental animals. 
Proc. Soc. Exp. Biol. Med. 32, 653-655 
(1934-1935). 

L. F. Cooper, E. M. BarBer and H. S. 
MircHe.i, Nutrition in Health and Disease. 
Lippincott, Philadelphia (1941). 

K. W. Cocuran, J. Doutt, M. Mazur and 
K. P. DuBors, Acute toxicity of zirconium, 
columbium, lanthanum, cesium, tantalum 
and yttrium. Amer. Med. Assoc. Arch. Industr. 
Hygiene Occ. Med. 1, 637-650 (1950). 


J. M. Coon (Director) University of Chicago 


Toxicity Laboratory Quarterly Progress Report, 
No. One on Radiobiology, 12 April 1949, 
M-4438. 

K. W. Cocuran, M. Mazur, J. Doutt and 
K. P. DuBors, Studies on zirconium, 
tantalum, columbium, strontium and lant- 
hanum. I. Acute toxicity and effects on 
enzymatic reactions pp. 11-21. 

L. A. CRANDALL, JR., The absorption of 
barium sulfate and non-absorption of 
zirconium dioxide from the gastrointestinal 
tract. Gastroenterology 13, 513-526 (1949). 


Ct-1 


Ct-2 


Cu-l 


Cv-l 


Cw-l 


Cw-2 


Cw-3 


Cw-4 


Dan-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


A. Carusson, Metabolism of radiocalcium 
in relation to calcium intake in young rats. 
Acta Pharmacol. Toxicol. 7, Suppl. 1, 1-74 
(1950). 

W. F. J. Curupertson, A. A. Free and 
D. M. Tuornton, Distribution of radioactive 
cobalt in the rat. Brit. J. Nutrition 4, 42-48 
1950). 

W. F. J. Curnpertson, Trace metals in 
human nutrition. Chem. @ Ind. pp. 391-393 
(1948). 


D. B. CruicksHaANnkK, Frequency distribution 


of the zinc concentrations in the dental 
tissues of the normal population. Biochem. 
J. 44, 299-302 (1944). 

V. T. Cnurko and A. O. Vornar, The 


titanium content of the animal organism. 
Biochem. J. 14, 191-197 (In Russian); 
14, 199-201 (In English). 

D. B. Cowrm, A. H. Lawron, A. T. 
F. J. Brapy and G. E. Ocpen, Localization 
of radioactive antimony following multiple 
daily infected with 
Dirofilaria immitis. J. Acad. Sci. 35, 
No. 6, 192 (1945). 


A. T. Ness, F. J. 


NEss, 


} 
aog 


Wash. 


injections to a 


Brapy, D. B. Cowie and 


A. H. Lawton, Anomalous distribution of 


antimony in white rats following the ad- 
ministration of tartar emetic. J. Pharmacol. 
Exp. Therapeutics 90, 174-180 (1947). 

F. J. Brapy, A. H. Lawton, D. B. Cowi, 
H. L. Anprews, A. T. Ness and G. E. OGDEN, 
radioactive anti- 


Localization of trivalent 


mony following intravenous administration 


to dogs infected with Dirofilaria immitis. 
Amer. J. Trop. Med. 25, 103-107 (1945). 
F. C. Bartrer, D. B. Cowre, H. Most, 


Ness and S. Forsusn, 


emetic 


oe 
radioactive tartar 
human subjects. I. Blood concentration and 
and multiple 


Trop. Med. 27, 


administered to 


excretion following single 
intravenous injections. J. 
403-416 (1947). 

Definition. 
F. J. Davis, 
P. P. Darr, Oral Conditions Upon Chronic 
Exposure to UF, for Six Months, AECD-2329 
(Declassified 1948). 

A. I. Danitenko, On the activity on beta 
radiation by human blood. Dokl. Akad. 
Nauk SSSR 107, 683-684 (1956). Abstracted 
in Nuclear Sci. Abstr. 10, 9109 (1956). 


Personal communication. 


The fate of 


Db-1 


Db-2 


Db-3 


Db-4 


Db-5 


De-1 


Dd-l 


Dd-2 


Dd-3 


Dd-4 


R. Dusacu, C. V. Moore and V. MInnicH, 
Studies in iron transportation and metab- 
olism. V. Utilization of intravenously 
injected radioactive iron for hemoglobin 
synthesis and an evaluation of the radio- 
active iron method for studying iron 
absorption. J. Lab. Clin. Med. 31, 1201-1222 
(1946). 


R. Duspacnu, C. V. Moore and S. CALLENDER, 
Iron excretion in human subjects as meas- 
ured by the isotope technique. Fed. Proc. 
8, 353 (1949). 


C. V. Moore, R. Dusacn, V. Minnicu and 
H. K. Roserts, Absorption of ferrous and 
ferric radioactive iron by human subjects 
and by dogs. J. Clin. Invest. 23, 755-767 
(1944). 


R. Dupacn, S. T. E. CALLENDER and C. V. 
Moore, Studies in iron transportation and 
metabolism. VI. Absorption of radioactive 
iron in patients with fever and with anemias 
of varied etiology. Blood 3, 526-540 (1948). 


C. V. Moore and R. Dusacn, Observations 
on the absorption of iron from foods tagged 
with radioiron. Trans. Assoc. Amer. Phys. 64, 
245-256 (1951 


H. S. Ducorr, W. B. Near, R. L. StrAvuseE, 
L. O. JAcopson and A. M. Bruges, Biological 
studies with arsenic-76 II. Excretion and 
tissue localization. Proc. Soc. Exp. Biol. Med. 
69, 548-554 (1948). 


D. D. Dzrewi1arKowsk1, Conversion of sul- 
fide sulfur to cystine sulfur in the rat with the 
J. Biol. Chem. 


use of radioactive sulfur. 


164, 165-171 (1946). 


D. D. DztewrarKxowsk1, Radioautographic 
studies of sulfate sulfur (S*°) metabolism in 
the articular cartilage and bone of suckling 
rats. J. Exp. Med. 95, 489-495 (1952). 


D. D. DzrewtarKowsk1, Rate of excretion 
of radioactive sulfur and its concentration 
in some tissues of the rat after intraperitoneal 
administration of labeled sodium sulfate. 
J. Biol. Chem. 178, 197-202 (1949). 


D. D. DztewratKowsk1, On the utilization 
of exogenous sulfate sulfur by the rat in the 
formation of ethereal sulfates as indicated by 
the use of sodium sulfate labeled with radio- 
active sulfur. J. Biol. Chem. 178, 389-393 
(1949), 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


D. D. Dzrewratowsk1, R. E. Benescu and 
R. Benescu, On the possible utilization of 
sulfate sulfur by the suckling rat for the 
synthesis of chondroitin sulfate as indicated 
by the use of radioactive sulfur, J. Biol. 
Chem. 178, 931-938 (1949). 


D. D. DzirewtatTKowsk1, Fate of ingested 
sulfide sulfur labeled with radioactive sulfur 
in the rat. J. Biol. Chem. 161, 723-729 
(1945). 


D. D. Dz1ew1ATKowskI, Sulfate-sulfur metab- 
olism in the rat fetus as indicated by sulfur- 


35. J. Exp. Med. 98, 119-128 (1953). 


D. D. DzrewtarkKowskr, F. BRONNER, 
N. Dr FerRRANTE and R. M. ARcHIBALD, 
Some aspects of the metabolism of sulfate- 
S*®° and calcium-45 in the metaphyses of 
immature rats. J. Biophys. Biochem. Cytology 
3, 151-160 (1957). 


D. D. Dzrew1aTKowsk!, Some aspects of the 
metabolism of chondroitin sulfate-S*® in the 


rat. J. Biol. Chem. 233, 239-249 (1956). 


D. D. Dzrew1atTKowski and W. J. Winco, 
labeled with 
radiosulfur (S*°*) in the rat. Proc. Soc. Exp. 


Biol. Med. 70, 448-450 (1949). 


R. H. DeMero and F. 
IV. 


Metabolism of isocysteine, 


C. HENRIQUES, JR., 


Tellurium. Excretion and distribution 


in tissues studied with a radioactive isotope. 


J. Biol. Chem. 169, 609-623 (1947). 


R. H. DeMeto, Tellurium. I. The toxicity 
of ingested tellurium for rats and rat tissues. 


J. Industr. Hygiene Toxicol. 28, 229-232 (1946) 


E. H. Dearsorn, A. S. Kunin and A. S. 
RELMAN, A comparison of the renal excre- 
tion of rubidium and potassium. J. Pharmacol. 
Exp. Therapeutics 116, 14-15 1956 
(Abstract). 


C. F. Decker, R. U. Byerrum and C. A. 
Hoppert, A study of the distribution and 
retention of cadmium-115 in the albino rat. 


Arch. Biochem. Biophys. 66, 140-145 (1957). 


C. W. Denko and R. E. Priest, Distribution 
of radiosulfur, S*°, I. In the human adult. 
II. In the young and adult rat. J. Lab. Clin. 
Med. 50, 107-112 (1957). 


R. J. Detta Rosa, The Acute Toxicity and 
Retention of Intratracheally Administered Polo- 
nium-210 in the Rat, UR-431 (1956). 


Del-2 


257 


R. J. Detta Rosa and J. N. STANNARD, 
The Acute Toxicity and Retention of Intraperi- 
toneally Administered Polonium-210 in the Rat, 
UR-519 (1958). 
N. K. De, Spectrographic examination of 
some Indian milks. Indian J. Med. Res. 22, 
499-508 (1935). 
L. M. DeWirt, S. N. Capweti and G, 
LEAVELL, Distribution of gold in animal 
tissues. J. Pharmacol. Exp. Therapeutics 
11, 357-378 (1918). 
E. P. Dantet and R. D. Litum, Experi- 
mental vanadium poisoning in the white 
rat. Publ. Hlth. Rep. 53, Pt. 1, 765-777 (1938). 
E. P. Dantet and E. M. Hewsron, Vana- 
dium—A 
biological _ role. 
772-775 (1942). 
T. Dick, Molybdenum in animal 
nutrition. Soil Sci. 81, 229-236 (1956). 


consideration of _ its 


Amer. J. 


possible 


Physiol. . 136, 


A. T. Dick, Studies on the assimilation and 
storage of copper in crossbred sheep. Aust. 


J. Agric. Res. 5, 511-544 (1954). 


E. DrSreraAno, L. PREvITERA and G. 
ALBANESE, Distribution of cobalt in guinea 
pig parenchyma. Boll. Soc. Ital. Biol. Sper. 
31, . 198-199 (1955); Abstr. 49, 
13440 C (1955). 


Chem. 


and R. Hi, 
skeleton. Nui 


1953). 


J. DuckwortH Storage of 


elements in the trition Abstr. 


& Rev. 23, 1-17 
C. W. DeLonc, HW-21778 (1951). 


C. W. DeLone, R. C. THompson and H. A. 
KorNBERG, Permeability of excised mouse, 
rat and human skin to gaseous tritium. Rad. 


Res. 1, 214-217 (1954). 


C. Stevens and S. A. D’ANGELO, Relative 
rates of biological decay of thyroidal I}*! 
in rat and guinea pig. Proc. Soc. Exp. Biol. 
Med. 85, 633-635 (1954). 
University of Chicago 
Quarterly Progress Report 
1951). 

J. Doutt and K. P. DuBois, Metabolism 
and toxicity of radioactive metals zirconium- 
95, columbium-95, yttrium-91 and barium- 
140 pp. 1-16. 


J. M. Coon (Director), Quarterly Progress 
Report of the Toxicity Laboratory—University 
of Chicago M-4439 (1949). 


Toxicity 


No. 8, 


Laboratory 
COO-35 


258 


Do-3 


Dob-1 


Doc-1 


Doc-2 


Dog-1 


Don-! 


Dr-l 


Dr-2 


Dre-l 


Dri-1 


Dru-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


K. P. DuBors, K. W. Cocuran, M. Mazur 
and J. Dour, Studies on zirconium, 
columbium, strontium, lanthanum, cesium, 
tantalum and yttrium. I. The acute toxicity 
of the stable compounds to rats pp. I-11. 
II. Metabolism and toxicity of radioactive 
tantalum pp. 12-13. 

University of Chicago Toxicity Laboratory 
Quarterly Progress Report No. 7, COO-22. 
J. Doutt, M. F. Suttivan and K. P. DuBors 
Metabolism and toxicity of radioactive 
metals. V. Columbium 95, yttrium 91 and 


> 


tantalum 182 pp. 1-13. 


E. L. Dopson and G. F. WARNER, Measure- 
ment of regional sodium turnover rates and 
their application to the estimation of 
regional blood flow. Amer. J. Physiol. 
189, 269-276 (1957). 
N. L. Docxum, E. J. CoLeMAN and G. Voecr, 
Detection of Plutonium Contamination in Humans 
by the Autoradiographic Method, HW-51754 
1957). Also in Stain Tech. 33, 137-142 
1958). 
N. L. Dockum and A. C. Case, Autoradio- 
graphic analysis of plutonium deposition in 
human skin. Acta Radiol. Stockh. 50, 561—564 


1958). 


M. Donarer,E. D. Wirrkow er, L. STEPHENS- 
NewsHamM and M. M. HorrMan, Psycho- 
physiological studies in thyroid function. 
Psychosom. Med. 18, 310-323 (1956). 

I. Dontracn and J. H. LoGoruetorou os, 
Radioautography of inorganic iodide in the 
thyroid. J. Endocrinol. 13, 65-69 (1955). 

N. Deane and H. W. Smrrun, Distribution of 
sodium and potassium in man. J. Clin. 
Invest. 31, 197-199 (1952). 

N. Deane, M. ZirF and H. W. 


Distribution of total chloride in man. 
J. Clin. Invest. 31, 200-203 (1952). 


SMITH, 


R. H. Dreissacn, Accumulation of calcium- 
45 by salivary glands. Proc. Soc. Exp. Biol. 
Med. 96, 555-558 (1957). 

D. M. Heasrep, J. M. McKrssin and C. K. 
DrInKER, ‘The biological, hygienic and 
medical properties of zinc and zinc com- 
pounds. Publ. Hlth. Rep. Suppl. 179, 1-44 
(1945). 

D. R. Drury, A. N. Wick and M. C. ALMEN, 
Rate of elimination of labeled CO, from the 


body. Amer. J. Physiol. 186, 361-364 (1956). 


Dt-1 


Du-2 


Du-3 


Du-4 


Du-5 


Du-6 


Du-7 


Du-8 


Du-9 


Du-10 


Du-11 


Du-12 


N. C. Darra, Metallic contamination of 


foodstuffs. III. The effect of continued 
administration of tin from tinned brass 
vessels on growth—the excretion and ab- 
sorption of tin in the rat. Indian J. Med. 
Res. 28, 451-461 (1940). 
H. C. Duptey, G. Mappox and H. C. 
LARueE, Studies of the Metabolism of Gallium, 
NM-O11-013 (Report No. 4) (1949) or 
J. Pharmacol. Exp. Therapeutics 96, 135-138 
(1949). 
H. C. Duptey and M. D. Levine, Studies 
of the Acute Toxicity of Gallium, NM-011-013 
(Report No. 3) (1949). 
H. C. Duprey, Determination of gallium 
in biological materials. J. Pharmacol. Exp. 
The rapeutics 95, 482-486 (1949). 
H. C. Duprey and M. C. Levine, Studies 
of the toxic action of gallium. J. Pharmacol. 
Exp. Therapeutics 95, 487-493 (1949). 
H. C. Duptey, J. I. Munn and K. Henry, 
Studies of the metabolism of gallium. II. 
J. Pharmacol. Exp. Therapeutics 98, 105-110 
1950). 


H. C. Duptrey, K. E. Henry and B. F. 


LinpsLey, Studies of the toxic action of 


gallium. II. J. Pharmacol. Exp. Therapeutics 
98, 409-417 (1950). 

H. C. Duprey and G. E. Mappox, Deposi- 
tion of radiogallium (Ga‘*) in skeletal 
tissues. J. Pharmacol. Exp. Therapeutics 96, 
224-227 (1949). 

H. C. Duptry, Pharmacological studies of 
radiogermanium (Ge7!). II. Inhalation of 
dusts. Amer. Med. Assoc. Arch. Industr. 
Hygiene Occ. Med. 8, 528-530 (1953). 

H. C. Dupiey and E. J. WALLAcE, Pharma- 
cological studies of radiogermanium (Ge?!) 
Amer. Med. Assoc. Arch. Industr. Hlth. Occ. 
Med. 6, 263-270 (1952). 

E. R. Kinc, M. W. Mason, H. B. MesstnGer 
and H. C. Duprey, A preliminary report 
on the use of gallium-72 in clinical tracer 
studies. Radiology 59, 844-848 (1952). 

J. A. Encusn and H. C. Dup.ey, Distri- 
bution of radioactive gallium in teeth and 
jaws of experimental animals. J. Dental 
Res. 29, 93-100 (1950). 

H. C. Duprey, G. W. Inirtr, Jr., and J. T. 
Isrock, Deposition of radiogallium (Ga**) 
in proliferating tissues. Radiology 55, 571-578 
(1950). 


Dx-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 259 


W. C. Mutay and H. C. Dubey, Studies 
of radiogallium as a diagnostic agent in 
bone tumors. J. Lab. Clin. Med. 37, 239-252 
(1951). 


H. C. Duptery, Selenium as a potential 
industrial hazard. U.S. Publ. Hlth. Rep. 
53, 281-292 (1938). 


J. I. Munn, N. H. Watters and H. C. 
Duprey, Urinary excretion of gallium by 
man and animals. J. Lab. Clin. Med. 37, 
676-682 (1951). 

H. C. Duprey, Toxicology of selenium. I. 
A study of the distribution of selenium in 
acute and chronic cases of selenium poisoning 
II. The urinary excretion of selenium. 
Amer. J. Hygiene 23, 169-186 (1936). 

H. C. Duptey, Influence of chelates on the 
metabolism of radioyttrium (Y%). J. Lab. 
Clin. Med. 45, 792-799 (1955). 

H. C. Duptey and J. GREENBERG, Influence 
of radio- 


Med. 47, 


of chelates on the metabolism 
yttrium (Y%). II. J. Lab. Clin. 
891-897 (1956). 

H. C. Duprey and H. H. Marrer, Studies 
of the metabolism of gallium. III. Deposition 
in and clearance from bone. J. Pharmacol. 
Exp. Therapeutics 106, 129-134 (1952). 

G. M. DvuNNING, 
thyroid dose from radioiodine in fallout. 
Nuc leonics 14, 38 4] 
R. W. E. Watts and P. W. 
Distribution and Acute Effects of Large 
of Iodine-131 in the Rat, UCRL-3376 


Iwo ways to estimate 


1956). 
Dursin, The 
Doses 
1956). 
P. W. Dursin, Personal communication to 
K. Z. MorGan, 28 February, 1957. 
P. W. Durstn, Personal communication to 
K. Z. MorGan, 7 August, 1958. 

> 


L. R. ARRINGTON and G. K. Davis, Metab- 


olism of phosphorus-32 and molybdenum- 
diets. 


high calcium 
1955). 


99 in rats receiving 
J. Nutrition 55, 185-192 
A. Downy, Monthly Progress Report for May, 
1947. Part II: Radiology and biophysics. 
M-1975. 

A. Downy, Quarterly Technical Report—Uni- 
versity of Rochester, 1 July, 1947 to 30 September 
1947, M-2002. 

T. F. Drxon, Bromine in the tissues. Biochem. 


J. 29, 86-89 (1935). 


Dy-1 


R. A. Duprey and B. M. Dasyns, The use 
of autoradiographs in the quantitative 
determination of radiation dosages from 
calcium-45 in the bone. Science 109, 327-328 
(1949). 
R. D. Evans, R. S. Harris and J. W. M. 
BunkER, Radium metabolism in rats and the 
production of osteogenic sarcoma by experi- 
mental radium poisoning. Amer. J. Roentgenol. 
52, 353-373 (1944). 
R. D. Evans, Radium poisoning: a review 
of present knowledge. Amer. J. Publ. Hlth. 
23, 1017-1033 (1933). 
K. Lance and R. D. Evans, Absorption 
of radon through the skin and its exhalation 
through the lungs. Radiology 48, 514-516 
1947). 
R. D. Evans, Protection of radium dial 
workers and radiologists from injury by 
radium. J. IJndustr. Hygiene Toxicol. 25, 
253-274 (1943). 
R. D. Evans, Radium poisoning. II. The 
quantitative determination of the radium 
and radium elimination rate of 


Amer. J. Roentgenol. 37, 


content 
living 


2C¢0 
200 


3 
Means and 
iodine as an 


S. Hertz, A. 
D. Evans, 


Roserts, J. H. 
Radioactive 
indicator in thyroid physiology. Amer. J. 
Physiol. 128, 565-576 (1939). 
C. E. Dunxap, J. C. Aus, R. D. Evans and 
R. S. Harris, Transplantable osteogenic 
sarcomas induced in rats by feeding radium 
Amer. J. Pathol. 20, 1-15 (1944). 
S. Hertz, A. Roperts and R. D. Evans, 
Radioactive iodine as an indicator in the 
study of thyroid physiology. Proc. Soc. Exp. 
Biol. Med. 38, 510 (1938). 
x. Do Quantitative 
radiation carcinogenesis in humans. 
Int. Un. Cancer 6, 1229-1237 (1950). 
R. D. Evans (Project Leader), Radium and 
Mesothorium and Dosimetry and 
Instrumentation Techniques in Applied Radio- 
activity, AECU-3504 (1957). 
Editorial: Radium poisoning. 
Publ. Hith 23, 350-351 (1933). 
Editorial: Strontium-90 in man. 
Med. J. No. 5021, 752-753 (1957). 
Editorial: Strontium-90 in man. Curr. Sci. 
26, 140 (1957). 


Evans, aspects of 


Acta 


Poisoning 


Amer. J. 


Brit. 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Editorial: 
minum. Chem. 


Pharmacological effects of alu- 

& Ind. 12, 137 (1934). 

H. Evrrman, A. G. Extrrman and R. L. 
ZweEMER, Histochemical distribution of gold 
after administration of gold chloride. Anat. 
Rec. 96, 341-354 (1946). 

G. M. Epincton, J. M. Jupp and A. H. 

Warp, Toxicity of radiostrontium in mon- 

keys. Nature, Lond. 172, 122-123 (1953). 

A. H. Warp, J. M. Jupp 
The acute lethal effects 


J. Pathol. 


G. M. EpincTon, 
and R. H. Mote, 
in monkeys of radiostrontium. 
Bacteriol. 71, 277-293 (1956). 

G. M. J. M. Jupp and A. H. 
Warp, Delayed toxicity of radiostrontium 
in monkeys. Nature, Lond. 175, 33 (1955). 


YASUYUKI EGASHIRA and 


EDINGTON, 


SAKU- 
+ idioactivity of human organs. 
9, 113-116 (1956). 


Global distribution of stron- 


[AKESHIGE 
RABAYASHI, 
Japan. J. Med. Sci. Biol. 
M. EtsENBUD, 
rersg: from nuclear 

. 84, 237-244 (1957 
M. Eis NBUD, 


activity from nuclear detonations with special 


detonations. Sct. 


Global distribution of radio- 
reference to strontium-90. J. Wash. Acad. Sci. 
47, 180-188 (1957 

M. E:sensup and J. H. HArLey, Radioactive 
fallout in the United States. Science 121, 
677-680 (1955). 

M. E1sensup and J. H. HArtLry, Radioactive 
fallout through September 1955. Science 124, 
251-255 (1956). 

J. H. Hartey, E. P. Harpy, Jr., G. A. 
WELFORD, I. B. Wuirney and M. EIsensup, 
Summary of Analytical Results from the HASL 
Strontium Program to June 1956, NYO-4751 
1956). 

E. Hove, C. A. Evvi . B. Hart, 
Arsenic in the nutrition of vie rat. Amer. 
J. Physiol. 124, 205 

E. Hove, 


HJEM and 


A. Etvenyem, and E. B. 
e nutrition 


} 
l 
, =e 
) 


1097 
4/9 1937 


P hy siology of zinc in tl 
119, 76% 
W. WacnutTeL, C. A. 


Amer. J. Physiol. 
ELVEHJEM and 
E. B. Harr, Studies on the physiology of 
manganese in the rat. Amer. J. 
140, 72-82 (1943). 

R. Boypen, V. R. Potrer and C. A. 
E.venyem, Effect of feeding high levels of 
copper to albino rats. J. Nutrition 15, 397-402 
(1938 


Physiol. 


Ej-5 


El-1 


J. D. Terest, C. A. Etvenyem and E. B. 
Hart, Molybdenum in the nutrition of the 
rat. Amer. J. Physiol. 137, 504-508 (1942). 


J. O. Exry, Distribution of radiophosphorus 
and radiogold after oral, intraperitoneal and 
subcutaneous administration. J. Franklin 
Inst. 230, 125-130 (1940). 

I. S. Epetman, A. H. James and F. D. 
Moore, Penetration of sodium and water 
into bone as measured with radiosodium 
and D,O. Proc. Fed. Soc. Exp. Biol. 
11, 40-41 (1952 


I. S. EpEtMaAn, A. H. JAmes, H. BADEN and 
F. D. Moore, Electrolyte 
bone and the penetration of radiosodium 
and deuterium ante into dog and human 


bone. J. Clin. Invest. 33, 122-131 (1954). 
B. ENGFELDT, 
The local 
tissue. Ex} . Cell. R 


Amer. 


composition of 


A. ENGstrOm and H. Bostrom, 
radiosulfate in bone 
. 6, 251-253 (1954). 
BJORNERSTEDT, C. J. 
A. ENGsTROM, A preliminary 
and in vitro uptake of Sr9 


and the osseous localization of 


ization of 


ENGFELDT, R. 

MEDSON and 
staddy of the in vi 
in bone tissue 
products from atomic 


Urthopaedica 


radioactive fission 

explosions. Acta 
Li } 1954 m 

B. ENGFELDT and S. O. 


HyJERTQUIST, 
physical ; 


Bio- 
studies on bone tissue } 
and ? uptake of radioactive isotopes 
and ionic-exchange reactions in bone tissue. 
Acta Pathol. M biol. Scand. 35, 205-216 
1954); Chem. Abstr. 49, 1914 f (1955). 
A. EncstromM, R. ByJORNERSTEDT, : 7 
CLEMEDSON and A. Netson, Bone and Radio 
strontium. John Wiley, New York (1958). 
R. BJORNERSTEDT and A. ENcstr6ém, The 
maximum permissible body burden of Sr®®, 


Science 129, 327-328 (1958). 
W. J. Everso.e, 

Normal 
LA-1333 
E. V. Pathomorphological 
changes in animals at long intervals after the 


1953). 

ERLEKSOVA, 
actions of small doses of radiothorium. 
of Papers Presented at the Conference 
on the Remote of Injuries Caused 
by the Action of Ionizing Radiation, Committee 
on Medical Radiology, Ministry of Health, 
U.S.S.R., Moscow 1956. English translation 
pp. 29-31 (1957 


Summartes 


NSEqTUENCES 


BIBLIOGRAPHY FOR 


T. W. Easton, Retention of injected colloidal 
thorium dioxide in the body of the laboratory 
mouse. Anat. Rec. 108, 515 (1950). 

M. R. Everett, Medical Biochemistry. Hoeber, 
New York (1946). 

W. G. E. Eooretronx, The occurrence of 
zinc in foodstuffs and in the human body. 
luceus 17, 103-128 (1938). 
W. G. E. Eacreron, Trace 

nutrition. Caduceus 17, 47-73 

E. W. Emery, R. Hotes, H. 
and D. A. K. Brack, 
radioactive potassium. Clin. Sci. 14, 241-244 


1955 


>. F. DAvries 


L. T. FArRHALL. Industrial 

liams and Wilkins, Baltimore 

L. T. FArRHALL and F. Hystop, Toxicology 
of antimony. Publ. Hith. Rep. Suppl. 195. 
L. T. FarRHAvt and P. A. Neat, Absorption 
and excretion of lead i 

Publ. Hlth. Rep. 53, 1231 

a 


deposition of lez 


FAIRHALL and C. 


solubilities of 


Hygien. 
K. R. 


FAIRHALL, G. B. 
Ray } hygi 


and C. ; RINKER, The 


356 


ad 


ana 


I. FArRHALI 


pp. 1—24 (1943). 
BERG-BLANK and Y. B. 
SosyurRA, On the absorption of radioactive 
Ekspt 
Russian) ; Nuclear 


RG, Iron and liver inist n 


nic cadmium pois 
the distribution and excretion of cadmium. 
Acta Pharmacol. Toxicol. 11, 168—17& 
L. Frrerc, Further investigations on chro- 
nic cadmium poisoning. Amer 
Arch. Industr. Hygiene Occ. 


1952), 


L. Frrperc, Studies on the accumulation, 


metabolism and excretion of inorganic 
mercury (Hg) after prolonged subcuta- 
neous administration to rats. Acta Pharmacol 


Toxicol. 12, 411-427 /1956). 


Renal uptake of 


BIOLOGICAL DATA 261 


Fd-1 


D. Frnptay and C. P. LesBionp, Partial 

destruction of rat thyroid by large doses of 

radio-iodine. Amer. J. Roentgenol. 59, 387-395 
1948). 


J. P. Feaster, S. L. Hansarp, J. T. McCay 
and G. K. Davis, Absorption, deposition 
and placental transfer of zinc-65 in the rat. 


Amer. J. Physiol 


1. 181, 287-290 (1955). 


J. P. Feaster, S. L. Hansarp, J. T. McCay 
F. H. Sxrpper and G. K. Davis, Absorption 
and tissue distribution of radiozinc in steers 


rations. J. Animal Sc. 13, 


R. M. FEATHERSTONE, W. STEINFIELD, E. G. 
Gross and C. B. Pirtincer, Distribution of 
the anesthetic gas xenon in dog tissues as 
xenon. J. 


106, 468-474 


determined with radioactive 


Pharmacol. Exp. Therapeuti 


FEATHERSTONE, 
E. G. Gross, E. E. Stickiey and L. Levy, 
Xenon concentration changes in brair 


1 ana 


ut marrow 


1959 


W. L. Minto and 
the Metabolism 
Tu Human 


H. E. Strserster, W. N. VAuentine, J. S. 
LAWRENCE and R. M. Finx, Metabolism 
of Polonium. VI. Tracer Studies in Three 

es “tak se ial 


262 


Fi 


-8 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


G. A. Boyp and R. M. Fink, Comparative 
Intravenous Lethal Dose Pilot Studies for Polonium, 
Radium and Plutonium in rats M-1878 (1946). 


W. L. Minto and R. M. Fink, Progress 
Report on the Metabolism of Postum. IV. 
Further Intravenous and Oral Experiments with 
Rats. M-1659. 


H. E. Simperstern and R. M. Fink, 
Metabolism of Radium. 1. Tracer Studies on Rats 
after Intravenous Administration, M-1739 (1945). 
R. M. Fink, Excretion of Polonium Following 
Intravenous Administration to Dogs pp. 6-8. 
University of Rochester Progress Report 
for March 1947: Radiology and biophysics 
Part II. M-1960. 

S. Fine and C. F. Henper, X-ray critical- 
absorption and emission energies in keV. 
Nucleonics 13, No. 3, pp. 36-37 (1955). 

R. D. Finke, R. H. Snyper, W. KIsrELEsKI, 


J. Teresi, A. Bromo and P. C. Tompkins. 


Acute Toxicity of Injected Sodium-24 for Mice 
and Rats. 1. Metabolism and General Toxicity, 
AECD-2011 or CH-3856 (1946). 

R. D. Finxte, L. O. JAcosson, W. Kusieve- 
ski1, B. LAwrence, E. L. Smumons and R. H. 
SNYDER, Toxicity and Metabolism of Plutonium 
in Laboratory Animals, MDDC-1140 or CH- 
3783 (1946). 

R. D. Finxie, R. H. Snyper and W. E. 
Kisteeskt. Acute Radiotoxicity of (Ba-La)!4° 
in Rats and Mice. 1V. Lethal Action and Clinical 
Symptoms, MDDC-1207 or CH-3825 (1947). 
H. FayeRMAN, P. Daupet and R. Muxart, 
Metabolism of radium fixed on bony tissue. 
C.R. Acad. Sci. Paris 222, 1255-1257 (1946). 
M. P. Finket and G. M. Hirscn, Polonium 
and CF-1 female mice: The 30-day LD-50 
retention, distribution and concentration. 
Biology and Medical Divisions Quarterly Progress 
Report, May, June and July 1949 pp. 84-96, 
ANL-4333. 

M. P. Finxer, W. P. Norris, W. E. Kisteve- 
ski and G. M. Hirscu, Toxicity of polonium- 
210 in mice I. The thirty day LD-50, 
retention and distribution. Amer. J. Roent- 
genol. 70, 477-485 (1953). 

M. P. Finke, Retention of P®? by Young Adult 
CF-1 Female Mice, AECD-2024 (1947). 

M. P. Finxet, Relative biological effective- 
Radiology 67, 


ness of internal emitters. 


665-672 (1956). 


Fk-5 


M. P. Finkxet and A. M. Brues, Sequelae 
of radiostrontium administration to dogs 
Rad. Res. 3, 224-225 (1955) (Abstract). 


M. P. Finke, Internal emitters and tumor 
induction. International Conference on _ the 
Peaceful Uses of Atomic Energy, Geneva, August 
1955 Vol. XI pp. 160-164, Paper No. P/80. 


M. P. FinxeEt, Relative biological effective- 
ness of radium and other alpha emitters in 
CF No. | female mice. Proc. Soc Exp. Biol. 
Med. 83, 494-498 (1953). 


M. P. Finer, Toxicity and carcinogenicity 
of radium in comparison with other alpha 
emitters. Proc. Amer. Ass. Cancer Res. 1, 
16-17 (1953) (Abstract). 


M. P. Finxet, H. Lisco and A. M. Bruges, 
Malignant bone tumors in mice induced by 
radio-strontium. Proc. Amer. Assoc. Cancer 
Res. 2, 16 (1955). Abstracts of Papers Pre- 
sented at the 46th Annual Meeting April 
15-17, 1955, San Francisco, California. 


M. P. Fiyxet, Transmission of radio-stront- 
ium and plutonium from mother to offspring 


Zool. 20, 


in laboratory animals. Physiol. 
405-421 (1947). 


M. P. Finxer, B. J TrevLiexson, J. Lestina 
and B. O. Bisxis, Retention, Distribution and 
Carcinogenicity of Radio-Strontium as a Function 
of Dosage Pattern. Presented at Radiation 
Research Society, Rochester, 13-15 May, 
1957, p. 22 of the Abstracts. 

men and fallout. The 
90 


M. P. Finket, Mice, 
potential danger of Sr 
basis of data from animal 
Science 128, 637-641 (1958). 


F. B. Fuinn, Elimination of radium salts 
from the human body. J. Amer. Med. Assoc. 
96, 1763-1765 (1931). 


is appraised on the 
experiments. 


S. N. BLackBerG and F. B. Fiinn, Changes 
in teeth and jaws of rats accompanying 
radium poisoning. J Dent. Res. 14, 211 
(1934) (Abstract). 


C. A. Fincn, J. G. Grson, II], W. C. 
Peacock and R. G. FLuHARTY, Iron metab- 
olism. Utilization of intravenous radio- 
active iron. Blood 4, 905-927 (1949). 


R. B. Forney, C. A. Bunpe and G. R. Burcu 
Tissue storage in cadmium treated pigs. 


Proc. Soc. Exp. Biol. Med. 90, 13-14 (1955). 


For-l 


J. Sroraas.i, F. 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


H. Foreman, T. T. Truyrtto, O. JoHNSON 
and C. Finnecan, Ca EDTA and the 
excretion of plutonium. Proc. Soc. Exp. Biol. 
Med. 89, 339-342 (1955). 

W. M. Fow er, A. P. BARER and G. F. 
SPIELHAGEN, Retention and utilization of 
small amounts of orally administered iron. 
Arch. Int. Med. 59, 1024-1028 (1937). 

W. M. Fow er and A. P. BareEr, Retention 
and utilization of orally administered iron. 
Arch. Int. Med. 59, 561-571 (1937). 

H. L. Frrepeit (Director), Progress Report 
Issued 1 January, 1948, WRU-1. 


J. P. Sroraasti, M. Berc and M. Ro..ins 


LD;, 
excretion studies with P®? pp. 23-39. 

H. L. Friepert (Director), Semi-Annual 
Report, June 1948, WRU-7. Part I. Prelimi- 
nary excretion studies with Sr8*%° pp, 5-27; 
Part II. Distribution of P®? and Sr in 
albino rats pp. 5-27; 
P. A. Marttis, J. Warre, J. HARTZELL, 
I. Hirrte and W. C. Lynam, Studies with 
certain thorium salts pp. 48-68. 

H. L. Frrepeti, P. R. SALERNO and S. A. 
RosENBERG, Mechanisms of Potentiated Lethal 
Action of Certain Radioisotopes in Rats and Mice, 
NYO-4020 (1953). 

W. J. MacIntyre, J. P. 
WeEIcGLE and H. L. FRIEDELL, 
Clearance Rate Measurements for the Accumulation 
of 133! by the Thyroid Gland. I. Methods, 


NYO-4966 (1954). 


study of Sr5% pp. 20-22. Preliminary 


STORAASLI, K. 
Clinical 


J. P. Sroraasur, W. J. MacIntyre, H. L. 


FrrepeLL and K. E. Weic.e, JRr., Clinical 
Clearance Rate Measurements for the Accumulation 
of 1331 by the Thyroid Gland. Il. Clinical 
Evaluation, NYO-4917 (1955). 

P. SALERNO, H. L. FRreDE.L, J. H. CHRISTIE 
and M. Berc, Synergistic Lethal Action of 
certain Radioisotopes in Rais, NYO-1624 (1951 

or Radiology 59, 564-569 (1952). 

H. L. FRIEDEL 
Report, July 1949. 


Director), Semi-Annual 
Bonte, M. Bere and S. 
RosENBERG, The distribution and metabolism 
of yttrium-91 in the male albino rat pp. 9-13; 
S. Kovetsky, A. BENGTSON and V. MILANICH, 
Development of malignant tumors in rats 


2 o 


injected with P®? pp. 32-40. Further observa- 


tions of rats surviving an LD,, dose of p32 


pp. 41-42. Further observations of rats 


receiving repeated doses of P8? pp. 42-44. 


Fr-8 


263 


H. L. Frrepert and P. R. SALERNO, 
The potentiated lethal action of radioisotopes 
used in combination. Proceedings of the Inter- 
national Conference on the Peaceful Uses of Atomic 
Energy, Geneva, August, 1955, Vol. XI, pp. 
165-168, P/75. United Nations, New York 
(1956). 

P. R. SALterRNo and H. L. Frrepeti, A 
Comparison of the Effects of Radioactive Internal 
Emitters and X-Rays on Antibody Formation, 
NYO-2058 (1958). Also in Rad. Res. 9, 478- 
486 (1958). 

G. E. Frapxtn, On the processes of organism 
accumulation and excretion of radioisotopes 
of alkali earths, rare earths and heavy 
elements. Med. Radiol. 2, No. 2, 13-18 
(1957) (In Russian); Nucl. Sci. Abstr. 11, 
7055 (1957). 

D. S. Frepricxson, W. F. GANonG and 
D. M. Hume, Thyroid uptake of radioactive 
iodine in the dog; Effect of diet, hypophy- 
sectomy, and TSH. Proc. Soc. Exp. Biol. 
Med. 89, 416-419 (1955). 

E. FREERKSON and J. MEtIssNER, Uptake and 
distribution of radioactive phosphate in 
animals. Z. Ges. Exp. Med. 120, 190-214 
(1953); Chem. Abstr. 47, 7075a (1953). 

G. B. Forses and A. M. Total 
sodium, potassium and chloride in adult man 
J. Clin. Invest. 35, 596-600 (1956). 

R. M. Forses, A. R. Cooper and H. H. 
MitTcHELL, On the occurrence of beryllium, 
boron, cobalt and mercury in human tissues. 
J. Biol. Chem. 209, 857-865 (1954). 

R. M. Forses, A. R. Cooper and H. H. 
MitcHeE.L, Composition of the adult human 
body as determined by chemical analysis. 
J. Biol. Chem. 203, 359-366 (1953). 

G. B. Forses and A. Perey, Estimation of 
total body sodium by isotopic dilution. I. 


adults. J. Clin. Invest. 


LEwIs, 


Studies on young 
30, 558-565 (1951). 
R. M. Forses and H. H. Mircuerr, Accu- 
mulation of dietary boron and strontium 
in young and adult albino rats. Amer. Med. 
Assoc. Arch. Industr. Hlth 16, 489-492 (1957). 
S. Frant and I. Kieeman, Cadmium-food 
poisoning. J. Amer. Med. Assoc. 117, 86-89 
(1941). 

J. Furtru and J. L. Tutus, Carcinogenesis 
by radioactive substances. Cancer Res. 16, 
5-21 (1956). 


264 


Fun-1l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


H. J. Funk, Potassium metabolism in the 
human body. Canad. J. Med. Technol. 16, 
85-89 (1954). 


F. S. Fowweatuer, The silica content of 
normal and silicotic lungs and its bearing on 
& Ind. 


the problem of silicosis. Chem. @ 
12, 713-716 (1934). 


V. FREYDBERG and F. VeErzaAr, Calcium 
metabolism of various organs in young and 
old animals Gerontologia 1, 195-213 (1957); 
Chem. Abstr. 52, 4765d (1958). 


O. G. FirzHucu, A. A. Netson and C, I. 
Buss, Chronic oral toxicity of selenium. 
J. Pharmacol. Exp. Therapeutics 80, 289-299 
(1944). 


Guestimate. 


E. R. Gasriewt, Distribution of radioactive 
chromium phosphate in tissues of rodents 
following intravenous injection. Acta Pathol. 


Microbiol. Scand. 31, 195-204 (1952). 


S. F. Grese, Late damage from thorotrast. 
Myelogenous leukemia following diagnostic 
use of thorotrast. Strahlentherapie 94, 311-319 
(1954). 


R. G. Goutp, F. M. Stnex, I. N. RosENBERG, 
A. K. Sortomon and A. B. HAstINGs, 
Excretion of radioactive carbon dioxide by 
rats after administration of isotopic bicar- 
succinate. J. Biol. 


1949). 


bonate, acetate and 


Chem. 177, 295-301 


L. 5S. and A. GILMAN, 
Pharmacological Basis of Therapeutics 
Ed.). MacMillan, New York (1955). 


GooDMAN 


The 


(2nd 


A. O. GeTrLer and C. Norris, Poisoning 
from drinking radium water. J. 


Med. Assoc. 100, 400-402 (1933). 


A. V. Sr. Georce, A. O. GETTLER and 
R. H. Mutwer, Radioactive substances in a 
body five years Arch. Path. 
7, 397-405 (1929). 

A. O. GetrLer and L. ELLerBRook, 


Toxicology of fluorides. Amer. J. Med. Sci. 


197, 625-638 (1939). 


Amer. 


after death. 


S. N. GersHorr, Comparative sulfur metab- 
olism studies of rats and rabbits. Proc. Fed. 
Amer. Soc. Exp. Biol. 14, 434 (1955). 

G. Guiwortt, Autoradiographic evidence of 


radiosulphate uptake by thyroid gland of rat. 
Exp. Cell. Res. 10, 544-545 (1956). 


Gi-1 


B. L. GLENDENING, D. B. PARRisH and W. G. 
ScHRENK, Spectrographic determination of 
rubidium in plant and animal tissues 
Analyt. Chem. 27, 1554-1556 (1955). 


G. E. Grocx, F. Lowater and M. M. 
Murray, Retention and elimination of 
fluorine in bones. Biochem. J. 35, 1235-1239 


(1941). 


H. Glauberman and A. J. Breslin, Environ- 
mental Radon Concentrations. NYO-4861 
(1957). 


A. GorsBMAN, Degenerative and regenerative 
changes in the thyroid gland following high 
dosages of radioactive iodine. Trans. N.Y. 
Acad. Sci. Ser. 2, Vol. 11, 201-203 (1949). 


W. J. Gross, J. F. TAytor and J. C. WATson, 
Some Factors Influencing the Metabolism of 
Radio-Strontium by Animals, UCLA-274 (1954). 


W. J. Gross, J. F. Taytor, J. A. Lee and 
J. CG. Watson, The Availability of Radio- 
strontium to Mammals by Way of the Food 
Chain, UCLA-259 (1953). 


R. W. Gorpsium, S. Dersy and A. B. 
LERNER, The metal content of skin, nails 
and hair. J. Invest. Dermatol. 20, 13-18 (1953). 


J. F. Goopwin, A. G. MacGrecor, H. 
Miter and E. J. Wayne, The use of radio- 
active iodine in the assessment of thyroid 
function. Quart. J. Med. 20, 353-387 (1951). 
D. M. Greenserc, D. H. Copp and E. M. 
CUTHBERTSON, 
olism 


Studies in mineral metab- 
with aid of artificial radioactive 
isotopes. VII. Distribution and excretion, 
particularly by way of the bile of iron, cobalt 
and manganese. J. Biol. Chem. 147, 749-756 
(1943). 


W. W. CampsBect and D. M. GREENBERG, 
Studies in calcium metabolism with the aid 
of its induced radioactive isotope. Proc. Nat. 


Acad. Sci. 26, 176-180 (1940), 


D. M. GREENBERG and W. W. CAMPBELL, 
Studies in mineral metabolism with the aid 
of induced radioactive isotopes. IV. Man- 
ganese. Proc. Nat. Acad. Sci. 26, 448-452 
(1940). 


D. M. Greenserc, M. Josepn, W. E. Coun 
and E. V. Turrs, Studies in the potassium 
metabolism of the animal body by means of 


its artificial radioactive 


87, 438 (1938). 


isotope. Science 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


D. H. Copp and D. M. Greenperc, A 
tracer study of iron metabolism with radio- 
active iron. I. Methods: absorption and 
excretion of iron. J. Biol. Chem. 164, 377-387 
(1946). 

D. H. Copp and D. M. Greenserc, A 
tracer study of iron metabolism with radio- 
active iron. II. Internal metabolism. J. 
Biol. Chem. 164, 389-401 (1946). 


W. E. Coun and D. M. GREENBERG, Studies 
in mineral metabolism with aid of artificial 
radioactive isotopes; absorption, distribution 
and excretion of phosphorus. J. Biol. Chem. 
123, 185-198 (1938). 
D. M. GREENBERG, 
radioactive isotopes of the metabolism of 
calcium and manganese in the animal 
organism. J. Appl. Phys. 12, 318 (1941). 

M. E. Austront and D. M. GREENBERG, 
Studies in iron metabolism with aid of its 
Absorption, 


Tracer studies with 


artificial radioactive isotope. 
excretion and distribution of iron in the rat 
on normal and iron deficient diets. J. 
Biol. Chem. 134, 27-41 (1940). 

M. Josepn, W. E. Conn and D. M. Green- 
BERG, Studies in mineral metabolism with 
aid of artificial 
Absorption, distribution and excretion of 
potassium. J. Biol. Chem. 128, 673-683 (1939). 
D. H. Copp and D. M. GREENBERG, Studies 
in mineral the aid of 
artificial radioisotopes. VI. Cobalt, Proc. 
Nat. Acad. Sci. 27, 153-157 (1941). 

and D. M. 


and 


radioactive isotopes. II. 


metabolism with 


GREENBERG, 
regulation of 


C. A. ScHMIDT 
Occurrence, transport 
calcium, magnesium and phosphorus in the 
animal organism. Physiol. Rev. 15, 297-424 
1935). 

D. M. GREENBERG, Studies in 
metabolism with the aid of artificial radio- 
active isotopes. J. Biol. Chem. 157, 99-104 
(1945). 

D. M. GREENBERG, W. W. CAMPBELL and 
M. Murayama, Studies in mineral metab- 
olism with the aid of artificial radioactive 
isotopes. V. Absorption, excretion and 
distribution of labeled sodium in rats 
maintained on normal and low sodium diets. 


J. Biol. Chem. 136, 35-46 (1940). 


D. M. GreENBERG, Mineral metabolism. 
Calcium, magnesium and phosphorus. Ann. 
Rev. Biochem. 8, 269-300 (1939). 


mineral 


Gr-16 


Gs-l 


265 


T. Wrynickx, F. Frrepperc and D. M. 
GREENBERG, Studies in protein metabolism 
with compounds labeled with radioactive 
carbon. I. Metabolism of pL-tyrosine in the 
normal and tumor-bearing rat. J. Biol. 
Chem. 173, 189-198 (1948). 

D. M. GREENBERG and T. Winnick, Studies 
in protein metabolism with compounds 
labeled with radioactive carbon. II. Metab- 
olism of glycine in the rat. J. Biol. Chem. 
173, 199-204 (1948). 

D. M. GreenserG and F. M. FRoeEscHER, 
Study with radioactive isotopes of excretion 
of calcium and strontium by way of the bile. 
Proc. Soc. Exp. Biol. Med. 49, 488-491 (1942). 
E. H. Grau, Unusual location of incor- 
porated radioisotopes and their radiobio- 
logical aspects, Atompraxis 5, 173-182 (1959). 
D. E. Gropzensku and A. A, AVAKYAN, 
Absorption of phosphorus by the phosphorus 
compounds of the following the 
injection of radioactive phosphorus. Byull. 
Eksptl. Biol. i. Med. 38, No. 7, 37-41 (1954) ; 
Chem. Abstr. 49, 4841 h (1955). 


brain 


R. L. Greir, W. J. Sutirvan, G. S. JAcoss 
and R. F. Prrrs, Distribution of radiomer- 
cury administered as labeled chlormerodrin 


in the kidneys of rats and dogs. J. Clin. 
Invest. 35, 38-43 (1956). 

J. Groen and F. H. L. Taytor, Absorption 
of iron compounds from the upper part of 
intestine. Proc. Soc. Exp. Biol. 


1937). 


the smal] 
Med. 36, 694-695 
E. L. Grove and C. W. Scott, Progress 
Report: The Determination of and 
Potassium in Animal Tissue by Flame Photometry, 
ORNL unpublished data (1957). 

E. L. Grove and C. W. Scort, Progress 
Report: The Determination of and 
Potassium in Ashed Human Tissue by Flame 
Photometry. ORNL unpublished data (1957). 
E. L. Grove, Progress Report: The Deter- 
mination of Sodium and Potassium in Animal 
Tissue by Flame Photometry, ORNL un- 
published data. (1958).. 

J. Ginspurc, Potassium exchange in rat 
tissue. Proc. Fed. Amer. Soc. Exp. Biol. 11, 
54 (1952). 

M. K. Garronpe and D. Ricntrer, The 
uptake of S* into rat tissues after injection 
of (S35) methionine. Biochem. J. 59, 690-696 
(1955). 


Sodium 


Sodium 


266 


Gu-l 


Gu-2 


Gu-3 


Gu-4 


Gub-1 


Gun-l 


Gv-l 


Gw-l 


Ha-1l 


Ha-2 


Ha-3 


Ha-4 


Ha-5 


Ha-6 


Ha-7 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


S. A. Gunn, T. C. Goutp, S. S. Grnori and 
J. G. Morse, Selective uptake of zinc-65 
by dorsolateral prostate of rat. Proc. Soc. 
Exp. Biol. Med. 88, 556-558 (1955). 


S. A. Gunn and T. C. Goutp, Difference 
between dorsal and lateral components of 
dorsolateral prostate of rat in Zn® uptake. 
Proc. Soc. Exp. Biol. Med. 92, 17-20 (1956). 


S. A. Gunn and T. C. Goutp, The relative 
importance of androgen and estrogen in the 
selective uptake of Zn® by the dorsolateral 
prostate of the rat. Endocrinology 58, 443-452 
(1956). 


S. A. Gunn and T. C. Gou tp, Selective 
accumulation of Cd! by cortex of rat 
kidney. Proc. Soc. Exp. Biol. Med. 96, 820-823 
(1957). 

C. J. Guster, Absorption and metabolism 


of iron. Science 123, 87-90 (1956). 


E. Ginset, On the percutaneous radiation 
effect of thorium X. Strahlentherapie 93, 573- 


578 (1954). Also in Nuclear Sci. Abstr. 8, 
3965 (1954). 

J. Govarrts, Rate of elimination of C"™ 
administered as BaC™QO,. Science 111, 


467-469 (1950). 

L. J. Gotpwater, The urinary excretion of 

non-silicotic humans. J. Jndustr. 
166 (1936). 


vicol. 18, 163 


silica in 
Hygiene 7 
4. G. 


of the fission products and actinide elements. 


Rev. Mod. Phys. 20, 718-728 (1948). 


Hamitton, The metabolic properties 


J. G. Hamittron, Application of radioactive 
Appl. 


tracers in biology and medicine. J. 


Phys. 12, 440-459 (1941). 


J. G. Hamitton, Metabolic Properties of Fission 
Products and Actinide Elements, AECD-2012 
1948). 


J. G. Hamirton, Trace Studies of Fission 
Product Metabolism, MDDC-1062 (1945). 


D. H. Copp, D. J. AxeLrop and J. G. 
HamiLton, Deposition of radioactive metals 
in bone as a potential health hazard. Amer. 


J. Roentgenol. 58, 10-16 (1947). 
J. G. Hamirtron, Metabolism 
Products, MDDC-1000 (1943). 


B. Kawin, D. H. Copp and J. G. HAmitton, 
Studies of the Metabolism of Certain Fission 
Products and Plutonium, UCRL-812 (1950). 


of Fission 


Ha-8 


Ha-9 


Ha-10 


Ha-l1 


Ha-12 


Ha-13 


Ha-14 


Ha-15 


Ha-16 


Ha-17 


Ha-18 


H. Lanz, K. G. Scorr, J. CRow.Ley and 
J. G. Hamitton, Metabolism of Thorium, 
Protoactinium and Neptunium in the Rat, CH- 
3606 (1946). 


a eal 


Iu. G. Scorr, R. Overstreet, L. JAcoBson, 
J. G. Hamirton, H. Fisuer, J. CRow ey, 
I. L. Guatxorr, C. ENTENMAN, M. FIsHLER 
A. J. BArser and F. Loomis, Metabolism 
of Carrier-Free Fission Products in the Rat, 
MDDC-1275 (No date, declassified 26 
August 1947). 


J. G. Hamittron, Metabolism of the fission 
products and the heaviest elements. Radiology 
49, 325-343 (1947). 

H. Lanz, Jr. and J. G. Hamitton, The 
Comparative Metabolism and Distribution of 
Carrier-Free Radioarsenic (As**), MDDC-1596 
or BP-142 (No date, declassified 8 January 


1948). 


K. G. Scorr, D. J. Axetrop and J. G 
Hamittron, Metabolism of curium in the 
rat. J. Biol. Chem. 177, 325-336 (1949) or 
AECD-1805 (1948). 

K. G. Scorr, D. H. Copp, D. J. AxELRop 


and J. G. HAmitron, Metabolism of Americium 
in the Rat, AECD-1785 or UCRL-22 (1947). 


a. Metabolism of Fission 
Products. Progress Report for Period Ending 


15 April 1944, MDDC-1001 (1944). 


HAMILTON, 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
April, May, June 1949, UCRL-414. 

J. G. Hamitton, I. The metabolic properties 


of plutonium and allied materials pp. 4-24. 


University of California Radiation Laboratory 
Medical and Health Divisions Quarterly Report, 
April, May 1948 UCRL-157. 
J. G. Hamitton, The metabolic properties 
of plutonium and allied materials pp. 4-24. 


and June 


University of California Radiation Laboratory 
Medical and Health Divisions Quarterly Report, 
July, August and September 1948, UCRL-193. 
J. G. Hamitton, Metabolic properties of 
plutonium and allied materials pp. 4-19. 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
October, November and December 1948, UCRL- 
270. 

J. G. Hamitton, Metabolic properties 
of plutonium and allied materials pp. 4-16. 


Ha-19 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
October 1947 to January 1948, UCRL-41. 
J. G. Hamitton, Metabolic properties of 
plutonium and allied materials pp. 4-23. 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
January, February, March 1948, UCRL-332. 
J. G. Hamitron, Metabolic properties of 
plutonium and allied materials pp. 4-24. 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
January, February, March 1948, UCRL-98. 
J. G. Hamitron, Metabolic properties of 
plutonium and allied materials pp. 4-20. 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
July, August, September 1949, UCRL-480. 
J. G. Hamittron, Metabolic properties of 
plutonium and allied materials pp. 4-36. 


J. F. Crowtey, J. G. HAamitton and K. G. 
Scott, Metabolism of Carrier-Free Beryllium-7 
in the Rat, UCRL-148 or AECD-2254 (1948). 
or J. Biol. Chem. 177, 975-984 (1949). 


University of California Radiation Laboratory, 
Progress Report for July 1947, Medical and 
Health Physics Section, BP-115. 

J. G. Hamittron, Metabolic properties of 
plutonium and allied materials pp. 11-13. 


J. G. Hamitton and M. H. Sorry, A 
comparison of the metabolism of iodine and 
of element 85 (eka-iodine). Proc. Nat. Acad. 
Sci. 26, 483-489 (1940). 


J. G. Hamirton, Metabolism of Fission 
Products and Heaviest Elements in Rats and 
Plants, MDDC-1160 (1947). 


H. Lanz, K. G. Scorr, J. CRow.Lry and 
J. G. Hamitton, Metabolism of Thorium, 
Protoactinium and Neptunium in the Rat, 
MDDC-648 (1946). 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
April, May and June 1952, UCRL-1922. 
J. G. Hamitton, Metabolic properties of 
various materials. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
October, November, and December 1953, UCRL- 
2553. 

J. G. Hamittron, Metabolic properties of 
various materials pp. 24-49. 


267 


Ha-30 J. G. Hamitton, P. W. Dursin and M. W. 


Ha-31 


Parrott, Accumulation of Astatine-211 by the 
Thyroid Gland in Man, UCRL-2604 (1954). 
University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
January, February and March 1954, UCRL- 
2605. 

J. G. Hamirton, Metabolic properties of 
various materials pp. 3-25. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
April, May and June 1954, UCRL-2661. 
J. G. Hamitton, Metabolic properties of 
various materials pp. 21-63. 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
July, August and September 1954, UCRL-2823. 
J. G. Hamittron, Metabolic properties of 
various materials pp. 3-25. 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
October, November and December 1954, UCRL- 
2881. 

J. G. Hamittron, Metabolic properties of 
various materials pp. 4-26. 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
January, February, March 1955, UCRL-3013. 
J. G. Hamitton, Studies of radioactivity 
and irradiation pp. 4-46. 

P. W. Dursin, M. H. Wittiams, M. Geer, 
R. N. Newman and J. G. Hamitton, 
Metabolism of the lanthanons in the rat. 
Proc. Soc. Exp. Biol. Med. 91, 78-85 (1956) 
or UCRL-3066 (1955). 

J. Crowtey, H. Lanz, K. G. Scorr and 
J. G. Hamiiton, A Comparison of the Metabolism 
of Plutonium (Pu?88) in Man and Rat, CH-3589 
(1946). 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
January through March 1950 AECD-2901 
or UCRL-683. 

J. G. Hamitton, Metabolic properties of 
plutonium and allied materials. 


J. G. Hamitton, Metabolism of Product for 
Period Ending 15 October 1944, CN-2383 
(1944). 

D. H. Copp, D. J. AxeLrop and J. G. 
HamILton, Deposition of Radioactive Metals 
in Bone as a Potential Health Hazard, MDDC- 
455 (Declassified 1946). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


E. C. Rerrenstern, Jr. (Editor), Third 
Conference on Metabolic Interrelations. 8-9 
January 1951. 

D. H. Copp, J. G. Hamitton, D. C. Jones, 
D. M. THompson and C. Cramer, Effect 
of age and low phosphorus rickets on calci- 
fication and the deposition of certain radio- 
active metals in bone pp. 226-258. 

University of California Radiation Laboratory, 
Progress Report for May, 1947, Medical and 
Health Physics Section, BP-97. 

J. G. Hamitton, Metabolic properties of 
plutonium and allied materials pp. 1-11. 


J. G. Hamiiton, P. W. Dursin and M. W. 
Parrott, The accumulation of astatine-211 
by thyroid gland in man. Proc. Soc. Exp. 
Biol. Med. 86, 366-369 (1954). 

J. G. Hamitton, P. W. Dursin and M. W. 
Parrott, The accumulation and destructive 
action of astatine-211 (eka-iodine) in the 
thyroid gland of rats and monkeys. J. 
Clin. Endocrinol. and Metabolism 14, 1161-1178 
(1954). 

J. G. Hamitton and M. H. Sorry, Studies 
in physiology of normal and diseased 
thyroids of human beings by the use of 
radioactive iodine. J. Appl. Phys. 12, 314 
(1941). 

J. G. Hamirtron, C. W. Astinc, W. M. 
GARRISON and K. G. Scorr, The accumula- 
tion, metabolism and biological effects of 


astatine in rats and monkeys. Univ. Calif. 
Publ. Pharmacol. 2, No. 21, 283-344 (1953). 
H. Lanz, Jr., P. C. WAttAce and J. G. 
Hamitton, Metabolism of arsenic in labora- 
tory animals using arsenic-74 as a tracer. 
Univ. Calif. Publ. Pharmacol. 2, No. 20, 
263-282 (1950). 

P. W. Dursin, C. W. Asiinc, M. E. 
Jounston, J. G. Hamitron and M. H. 
WituiAms, The Metabolism of the Lanthanons 
in the Rat. Il. Time Studies of the Tissue 
Deposition of Intravenously Administered Radio- 
isotopes, UCRL-3191 (1955). 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
July, August and September 1955, UCRL-3208. 
J. G. Hamitron, Studies of radioactivity 
and irradiation. 

J. G. Hamivton, K. Scorr, R. OvERsTREET, 
I. L. Cuarkorr, L. JAcosson, M. C. FisHuer, 
M. Kapitan, D. M. GREENBERG and C. 


ENTENMAN, Progress Report for Period Ending 
15 February 1943, Metabolism of Fission 
Products, MDDC-1143 (1943). 

J. G. Hamitton, Summary of Metabolism of 
Carrier-Free Fission Products in the Rat, MDDC- 
1002 or CH-775 (1947). 

J. G. Hamitron, Technical Progress Report 
on the Metabolic Studies of Fission Products, 
AECD-1061 or CH-1572 or A-2240 (1944). 
K. G. Scorr, D. AxELRop, J. CROWLEY, 
H. C. Lanz, Jr. and J. G. Hamitton, 
Studies on the Inhalation of Fissionable Materials 
and Fission Products and Their Subsequent Fate 
in Rats and Man, CH-3590 (1945). 

H. Foreman and J. G. Hamitton, Use of 
Chelating Agents for Accelerating Excretion 
of Radioelements, UCRL-1351 (1951). 

J. G. Hamitron, Personal communication 
to K. Z. Morcan, 9 February 1956. 

J. G. Hamirton, University of California 
Radiation Laboratory, Progress Report for 
Month Ending 15 March 1943. Metabolism of 
Fission Products, MDDC-1142 (1943). 


J. G. Hamimitron, D. H. Copp, D. M. 
GREENBERG, M. J. Coase, L. VAN MIpDLEs- 
wortH and E. M. Curssertson, The 
Deposition of Plutonium and Certain Fission 
Products in Bone as a Decontamination Problem, 
AECD-2483 or CH-3591 (1946). 

C. W. Astinc, D. A. HELLER, D. H. Copp 
and J. G. Hamitron, Deposition of radio- 
active strontium and the rare earth pro- 
methium in skeletal tissues of the rat. 
Anat. Rec. 103, 420 (1949). 

J. G. Hamittron, Summary of Iodine Physiology 
and Metabolic Studies Using Radioactive Isotopes 
of Iodine, MDDC-1060 (1944). 

J. G. Hamirron, C. W. Astinc, W. M. 
Garrison, K. G. Scorr and D. A. HELLER, 
Destructive action of astatine-211 (element 
85) on the thyroid gland of the rat. Proc. 
Soc. Exp. Biol. Med. 73, 51-53 (1950). 

J. G. Hamitron, Metabolism of radioactive 


elements created by nuclear fission. New 
Eng. J. Med. 240, 863-867 (1949). 


J. G. Hamitton, Personal communication 
to K. Z. Moraan, 2 April 1956. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
October, November and December 1955, UCRL- 
3268. J. G. Hamitton, Studies of radio- 
activity and irradiation pp. 3-30. 


Ha-64 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


L. Van Mippteswortn, D. H. Copp and 
J. G. Hamitton Uptake of Polonium, Yttrium 
and Strontium by the Callus of Healing Bone 
Fractures, MDDC-666 (1947). 


C. W. Astinc, J. G. Hamitton, D. A. 
Hetter and B. J. Lour, The localization of 
certain alkaline and rare earth elements in 
the costochondral junction of the rat. 
Anat. Rec. 113, 285-300 (1952). 

J. G. Hamirtton, The use of radioactive 
tracers in biology and medicine. Radiology 
39, 541-572 (1942). 

J. G. Hamitton and M. H. Sotey, Studies 
in iodine metabolism of the thyroid gland in 
situ by the use of radio-iodine in normal 
subjects and in patients with various types of 
goiter. Amer. J. Physiol. 131, 135-143 (1940). 


J. G. Hamitton and M. H. Sotey, Studies 
in iodine metabolism by the use of a new 
radioactive isotope of iodine. Amer. J. 
Physiol. 127, 557-572 (1939). 

J. G. Hamitron and R. S. Strong, The intra- 
venous and intraduodenal administration of 
radio-sodium. Radiology 28, 178-187 (1937). 


J. G. Hamiztron, The rates of absorption of 
radioisotopes of sodium, potassium, chlorine, 
bromine and iodine in normal human 
subjects. Amer. J. Physiol. 124, 667-678 
(1938). 

J. G. Hamitron and G. A. Attes, The 
physiological action of natural and artificial 
radioactivity. Amer. J. Physiol. 125, 410-413 
(1939). 

J. G. Hamirton, The rates of absorption of 
radio-sodium in normal human subjects. 
Proc. Nat. Acad. Sci. 23, 521-527 (1937). 

J. G. Hamitron, M. H. Sorey and K. B. 
ErcHorn, Deposition of radioactive iodine 
in human thyroid tissue. Univ. Calif. Publ. 
Pharmacol. 1, 339-368 (1940). 

J. G. Hamitron, P. W. Dursin, C. W. 
Astinc and M. E. Jonnstron, Physiological 
and biochemical studies of astatine-21] 
(eka-iodine). International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 
1955, Vol. X pp. 175-181, P/206. United 
Nations, New York (1956). 

P. W. Dursin, M. W. Parrott, M. H. 
Wituiams, M. E. Jounsron, C. W. AsLING 
and J. G. Hamitron, Metabolic Studies with 
Strontium-90 in the Rhesus Monkey (Preliminary 
Studies), UCRL-3634 (1957). 


Ha-76 


269 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
January, February, March 1956 UCRL-3386. 
J. G. Hamixton, Studies of radioactivity and 
irradiation pp. 3-7. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
April, May, June 1956, UCRL-3479. 
J. G. Hamirtron, Studies of radioactivity 
and irradiation pp. 3-7. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
July, August, September 1956 UCRL-3573. 
J. G. Hamitton, Studies of radioactivity 
and irradiation pp. 3-8. 


University of California Radiation Laboratory, 
Biology and Medicine Quarterly Report, October, 
November, December 1956, UCRL-3653 (1957) 
J. G. Hamitton, Studies of radioactivity 
and irradiation pp. 3-30. 

J. G. Hamitton, P. W. Dursin and M. 
Jounston, UCRL-2823 (Supplement). 
Radiostrontium studies. Medical Physics Quar- 
terly Progress Report. July, August, September, 
1954. 

University of California Radiation Laboratory, 
Medical and Health Physics Section, Progress 
Report for June 1947, BP-109. J. G. Hamilton, 
Technical progress report on the metabolic 
properties of plutonium and allied materials. 


C. W. Astinc, M. E. Jounston, P. W. 
Dursin and J. G. Hamitton, Long-Term 
Sequelae of Massive Doses of Iodine-131. 
I. Histopathological Findings, UCRL-3398 
(1956). 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
July, August, September 1950 UCRL-960 
or AECD-3141. 

J. G. Hamitton, The metabolic properties 
of plutonium and allied materials pp. 4-40. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
July, August and September, 1951, UCRL-1561. 
J. G. Hamitton, The metabolic properties 
of various materials pp. 4-21. 


University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
April, May, and June 1951, UCRL-1437. 
J. G. Hamitton, The metabolic properties of 
various materials pp. 4-22. 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


University of California Radiation Laboratory, 
Medical and Health Divisions Quarterly Report, 
October, November and December 1949, UCRL- 
587. J. G. Hamitton, The metabolic 
properties of plutonium and allied materials 


pp. 4-22. 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
April, May and June 1950, UCRL-806. 
J. G. Hamitron, The metabolic properties 
of plutonium and allied materials pp. 4-21. 
University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
October, November and December 1950, UCRL- 
1143. 

J. G. Hamitron, The metabolic properties 
of various elements pp. 4-41. 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
January, February, March 1951, UCRL-1282. 
J. G. Hamittron, The metabolic properties 
of various materials pp. 4-32. 

University of California Radiation Laboratory, 
Medical and Health Physics Quarterly Report, 
October, November, December 1952, UCGRL-2111. 
J. G. Hamitron, The metabolic properties 
of various materials pp. 3-51. 

K. G. Scort, D. J. AxELRop, J. CROWLEY, 
H. C. Lanz and J. G. Hamittron, Studies 
on the Inhalation of Fissionable Materials and 
Fission Products and Their Subsequent Fate in 
Rats, MDDC-1276 (1945) or CH-3590. 
K. G. Scorr, D. J. AxELRop, J. CROWLEY 
and J. G. Hamittron, Deposition and fate 
of plutonium, uranium and their fission pro- 
ducts inhaled as aerosols. Arch. Path. 48, 
31-54 (1949). 

K. G. Scorr, D. J. AxeLrop, H. FisHer, 
J. F. Crowrey and J. G. HaAmirton, 
Metabolism of plutonium in rats following 
intramuscular injection. J. Biol. Chem. 
176, 283-293 (1948) or MDDC-1018 (1944). 
K. G. Scorr, D. J. Axetrop and J. G. 
Hamitton, Metabolism of Curium in the Rat, 
UCRL-35 or AECD-1805 (1948). 

K. G. Scorr, J. G. Hamitron, P. C. 
WALLACE, Deposition of Carrier-Free Vanadium 
in the Rat Following Intravenous Administration, 
UCRL-1318 (1951). 

K. G. Scorr and J. G. Hamitron, Metab- 
olism of silver in the rat with radio-silver 
used as an indicator. Univ. Calif. Publ. 
Pharmacol. (1950). 


Ha-97  P. W. Dursin, J. G. Hamitron and M. W. 


Parrott, The Codetermination of Iodine-127, 
Todine-131 and Astatine-211 in Tissue, UCRL- 
2792 (1954). 

J. E. Jounsron (Editor) Radioisotope Con- 
ference, 1954. Proceedings of the Second Conference 
Oxford 19-23 July Vol. I. Medical and 
physiological applications. Butterworths 
Scientific publications, London (1954). 
J. G. Hamitton, P. W. Dursrin and M. W. 
Parrott, Comparison of acute and chronic 
changes produced in rats by iodine-131 and 
astatine-211 at lethal levels. Preliminary 
clinical data on the uptake of astatine-211 
in patients with thyroid disease Ch. 24, 
pp. 219-231. 

J. G. Hamirron, Metabolism of Fission 
Products, CH-848 (1943). 

R. Overstreet, L. JAcosson, K. Scorr and 
J. G. Hamirron, Metabolism of Fission 
Products, CH-379 (No date, declassified 1952) 
P. W. Dursin, K. G. Scorr and J. G. 
Hamitton, The Distribution of Radioisotopes 
of Some Heavy Metals in the Rat, UCRL-3607 
(1956). 

P. W. Dursin, J. S. RoBertson and J. G. 
Hamitton, Iodine-131 beta particle dosage 
in small animals. Radiology 68, 103-104 
(1957) (Abstract). 

P. W. Dursin, C. W. Asiinc, N. JEUNG, 
M. H. Wittrams, J. Post, M. E. JoHnston 
and J. G. Hamitron, The Metabolism and 
Toxicity of Radium-223 in Rats, UCRL-8189 
(1958). 

P. W. Dursin, C. W. Asuinc, M. E. 
Jounston, M. W. Parrott, N. JEUNG, 
M. H. Wiiurams and J. G. Haminton, 
The induction of tumors in the rat by 
astatine-211. Rad. Res. 9, 378-397 (1958). 
E. G. Were and A. B. Hastines, The 
distribution of bromide in tissues and body 
fluids. J. Biol. Chem. 129, 547-558 (1939). 
E. H. Hare and C,. P. Haicu, Variations 
in the iodine avidity of the normal human 
thyroid as measured by the 24-hour iodine-131 
uptake. Clin. Sci. 14, 441-449 (1955). 

M. P. Ham and M. D. Smiru, Fluoride 
studies related to the human diet. Canad. 
J. Res. F 28, 227-233 (1950). 

M. P. Ham and M. D. Smirn, Fluorine 
balance studies on four infants. J. Nutrition 
53, 215-223 (1954). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


M. P. Ham and M. D. Smriru, Fluorine 
balance studies on three women. J. Nutrition 
53, 225-232 (1954). 

G. E. Harrison and W. H. A. Raymonp, 
The estimation of trace amounts of barium 
in biological material by 
Nucl. Energy 1, 


or strontium 
activation analysis. J. 
290-298 (1954). 

G. E. Harrison, W. H. A. Raymonp and 
H. C. TretHeway, Metabolism of Strontium 
in Man, AERE/SPAR/2 (1955) or Clin. Sci. 
14, 681-695 (1955). 

D. W. H. Barnes, G. B. Coox, G. E. 
Harrison, J. F. Lourrr and W. H. A. 
Raymonpb, Metabolism of tellurium-132- 


iodine mixtures in mammals. J. Nucl. Exergy 
1, 218-230 (1954). 


G. E. Harrison, W. H. A. RAymMonp and 
H. C. TRerHeway, The estimation of barium 
and strontium in biological materials by 
activation analysis with special reference 
to the turnover of strontium in man. 
International Conference on the Peaceful Uses 
of Atomic Energy, Geneva, August 1955 Vol. XI, 
pp. 156-159 (1955). 

G. E. Harrison, W. H. A. RAaymMonp and 
A. Surron, The estimation of radioactive 
Clin. Sci. 13, 


strontium in the excreta. 


61-67 (1954). 

G. E. Harrison, H. G. Jones and A. 
Surron, The effect of carrier strontium on 
the absorption of oral doses of radioactive 
strontium in rats. Brit. J. Pharmacol. 12, 
336-339 (1957). 

Hrrosn1 HaAyAnt, Studies on calcium meta- 
bolism by radioactive calcium. III. Effect 
of calcium contents of diets on the retention 
and excretion of isotopic calcium. Ann. 
Rep. Nat. Inst. Nutrition (in Japanese) 20-21 
(1951-1952) ; Chem. Abstr. 48, 10158 i (1954). 


W. Herne, Manganese poisoning and man- 
ganese phenomena. Z. Hyg. Infekticnskr. 
125, 3 (1943); Abstracted in Occupational 
Med. 2, 251-252 (1946). 

A. Hassen, Quantitative study of excretion 
of antimony. II. J. Egypt. Med. Assoc. 21, 
126-130 (1938). 

A. Hassen, Distribution of antimony in 
body organs following administration of 
therapeutic antimony. J. Egypt. Med. Assoc. 
21, 123-125 (1938). 


Hd-1 


Hd-2 


271 


J. W. How anp (Editor), M-4454 (1943- 
1946). 


B. J. Durry, Jr. and J. W. How ann, 
Radioiodine (1'**) Principles of Diagnosis and 
Treatment of Thyroid Disease, UR-138 (1950). 


G. Hevesy, Radioactive Indicators—Their 
Application in Biochemistry, Animal Physiology 
and Pathology. Interscience Publishers, New 


York (1948). 


I. A. CureistiAnsen, G. Hevesy and I. 
LomMHOLT, Recherches, par une méthode 
radiochimique, sur la circulation du bismuth 
dans l’organisme C.R. Acad., Sci. Paris. 


178, 1324-1326 (1924). 


O. Cuievirz and G. C. Hevesy, Studies on 
the metabolism of phosphorus in animals. 
Biol. Medd., Kbh 13, 1-24 (1937). 


J. C. Hearn and J. Ligurer-Mrwarp, 
Distribution and function of zinc in normal 
and malignant tissues I. Uptake and dis- 
tribution of radioactive zinc, Zn®. Biochem. 


Biophys. Acta 5, 404-415 (1950). 


M. Hernricu, Jr. and F. E. Kersey, 
Studies on selenium metabolism: the 
distribution of selenium in the tissues of the 
mouse. J. Pharmacol. Therapeutics 114, 
28-32 (1955). 

H. Aten, L. H. HeEMPELMANN, JR. and 
N. A. Womack, The effect of insoluble 
radiophosphorus (chromium phosphate) 
when applied interstitially in the treatment 
of adenocarcinoma of the mamma in mice. 
Cancer Res. 5, 239-246 (1945). 

K. M. Henry and S. K. Kon, The relation- 
ship between calcium retention and body 
stores of calcium in the rat: effect of age 
and of vitamin D. Brit. J. Nutrition 7, 
147-159 (1953). 


A. Herrrer and W. Hevusner (Editors), 
Handbuch der Experimentellen Pharmakologie 
Vol. III Pt. 2. Springer, Berlin (1934). 
E. STARKENSTEIN, Eisen pp. 682-1286; 
H. LANGECKER, Manganese pp. 1287-1400; 
F. Henprycu and H. WepeN, Kobalt 
und Nickel pp. 1401-1502. 


A. Heyrovsky, Biochemistry of cobalt. ITI. 
Amounts of cobalt in plasma, erythrocytes, 


ww 
urine and feces of norma] subjects. Casopis 


Lékaru Ceskych. 91, 680-683 (1952); Chem. 


Abstr. 49, 7089 d (1955). 


272 


Hf-7 


Hf-9 


Hi-1 


Hil-1 


Hiy-1 


Hiy-2 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


J. Horrmann, The bioelement uranium 
in plant and animal kingdom as well as in the 
human organism. Biochem. Z. 313, 377-387 
(1943); Chem. Abstr. 37, 5771 (1943). 


J. Horrmann, Uranium concentration of the 
following organs: anterior pituitary, thyroid, 
reproductive glands, adrenals and pancreas. 
Biochem. Z. 315, 26-30 (1943); Chem. Abstr. 
38, 150 (1944). 


J. Horrmann, Uranium absorbed in the 
human body by eating and drinking. 
Chem. Z. Nos. 5-6, 49-52 (1943); Chem. 
Abstr. 37, 5790 (1943). 


J. HorrmMann, On the occurrence of trace 
elements, especially uranium, in the beef 
liver and spleen. Hoppe-Seyl. Z. 273, 115-117 
(1942); Chem. Abstr. 37, 3149 (1943). 


J. HorrmMann, Uranium in the epidermal 
tissues of man and animals. Hoppe-Seyl. 
Z. 279, 120 (1943); Chem. Abstr. 38, 3011 
(1944). 


J. Horrmann, Uranium content of different 
nerve and gland substances and as well as 
of the heart. Biochem. Z. 315, 362-365 
(1943); Chem. Abstr. 38, 2380 (1944). 


J. Horrmann, Uranium in the animal 
organism. Wien. tierdrztl. Monatschr. 28, 


561-566 (1941); Chem. Abstr. 36,5879 (1942). 


J. Horrmann, Uranium in the human 
organism. Wien. klin. Wochschr. 54, 1055- 
1059 (1941); Chem. Abstr. 37, 5120 (1943). 


J. HorrMann, Uranium in the human thyroid 
gland and dog testicle and pancreas. 
Naturwissenschaften 30, 279-280 (1942) ; Chem. 
Abstr. 37, 5464 (1943). 


R. F. Hisss and J. W. Repmonp, Natural 
Abundance Measurements on Potassium and 
Magnesium, AECU-24 (1948). 


R. M. Hitt and D. E. Horrxamp, Storage 
of dietary manganese and thiamine in the 
rat. J. Nutrition 53, 73-82 (1954). 


YosH1o Hiyama, A measure of future Sr-90 
level from earth surface to human bone. 
Gakujutsu Geppo 10, (June 1957). 


Yosuio HryamMaA and RyvusH IcHiKAwa, 
Uptake of strontium by marine fish from the 
environment. Records Oceanogr. Works Japan 
3, 78-88 (1957). 


Hiy-3 


Hiy-4 


Hiy-5 


Hiy-7 


Hk-2 


Hk-5 


Hk-7 


Yosu1o HryaAMA and RyusHu1 IcHIKAWA, 
A measure on level of strontium-90 con- 
centration in sea water around Japan, at 
the end of 1956. Records Oceanogr. Works 
Japan N.S. 4, 49-54 (1957). 

YosH1io Hryama, Maximum permissible 
concentration of Sr-90 in food and _ its 
environment. Records Oceanogr. Works Japan 
3, 70-77 (1957). 

Yosu1io Hryama, Radiological data in 
Japan. II. Concentrations of Sr-90, Cs-137, 
Pu-239 and others in various materials on 
earth’s surface. Gakujutsu Geppo 10, (Decem- 
ber 1957). 

Ryusut IcHikKAwA and Yosuio Hiyama, 
The amount of uptake of strontium by 
marine fish from the environment of various 
concentrations of calcium and strontium. 
Rec. Oceanogr. Works Japan N.S. 4, 55-66 
(1957). 


Yosu1o HryAMa, An enumeration of future 
Sr® concentration in foods and_ bone. 


Gakujutsu Geppo 10, (February 1958). 


F. E. Horecxer and P. G. Roorr, Studies 
of radium in human bone. Radiology 56, 
89-98 (1951). 

F. E. Hoecker and P. G. Roort, Structural 
differences in bone associated with meta- 
bolized radium. Radiology 52, 856-865 
(1949). 

F, E. Hoecker and P. G. Roore, Metabolism 
and distribution of radium in bone. Res. Rev. 
Navy Dept. (August, 1949). 

P. G. Roore and F. E. Hoecker, Studies 
of apparent submicroscopic changes in bone 
matrix and peripheral blood changes 


associated with metabolized radium. Anat. 
Rec. 103, 500 (1949). 


F. E. Horcxer, Significance of absorbed 
radium as indicated by the coefficient of 
elimination. J. JIndustr. Hygiene Toxicol. 
26, 289-295 (1944). 


F. E. Horecxer, The radon/carbon dioxide 
ratio as an index to excessive radium 
absorption. J. JIJndustr. Hygiene Toxicol. 
26, 281-288 (1944). 


F. E. Horecxer, Deposition of radioactive 
substances in bone. International Conference 
on the Peaceful Uses of Atomic Energy, Geneva, 
August 1955 Vol. XI, pp. 138-145, Paper 
No. P/88. 


Hn-6 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 273 


J. F. Furron (Editor), Howell’s Textbook of 
Physiology (15th and 17th Eds.), Saunders, 
Philadelphia (1947, 1955). 


P. F. Hann and G. H. Wuippre, Use of 
radioactive iron in the study of problems 
of iron metabolism and_ experimental 


anemia. J. Appl. Phys. 12, 314-315 (1941). 


W. J. Darsy, P. F. Haun, R. C. STemnKAMpP 
and M. M. Kaser, Absorption of radioactive 
iron by school children. Fed. Proc. 5, 231-232 
(1946). 

P. F. Haun, Metabolism of iron. Fed. 
Proc. 7, 493-498 (1948). 

P. F. Hann, Metabolism of iron. Medicine 
16, 249-267 (1937). 

P. F. Hann, W. F. Bates, J. F. Rose, W. M. 
Batrour and G. H. Wurpp.e, Radioactive 
iron absorption by gastrointestinal tract. 
J. Exp. Med. 78, 169-188 (1943). 

P. F. Haun and G. H. Wuiepte, Iron 
metabolism. II, Its absorption, storage and 
utilization in experimental anemia. Amer. 


J. Med. Sci. 191, 24-42 (1936). 


W. M. Batrour, P. F. HAnn, W. F. BALE, 
W. T. PomMMERENKE and G. H. Wuippte, 
Radioactive iron absorption in clinical 


conditions: normal, pregnancy, anemia and 

hemochromatosis. J. Exp. Med. 76, 15-30 
942) 

(1942). 


H. C. Hopce, W. Mann and I. Arrz, 
Distribution of radio iodine in normal 


rabbits. J. Appl. Phys. 12, 314 (1941). 


H. C. Honce, H. E. Sroxincer and W. F. 
NEuMAN, Suggested Maximum Allowable Con- 
centration of Soluble Uranium Compounds in Air, 
UR-81 (1949). 

H. C. Hopce, H. E. Sroxincer, W. F. 
NeuMAN, W. F. BAe and A. E. BRANDT, 
Suggested Maximum Allowable Concentration 
of Insoluble Uranium Compounds in Air, UR-67 
(1949). 

H. AcKERMAN, R. P. ALLEN, G BONNER, 
W. L. Downs, H. C. Hopcg, E. A. MAYNARD, 
W. F. Neuman, J. K. Scorr, A. Sparks and 
H. E. Sroxincer, Preliminary Studies of the 
Toxicity of Thorium, UR-13 or AECD-2283 
(1948). 

A. Irvinc, W. F. BAe, V. Downine, 
H. C. Hopcr, W. Mann, S. V. Vooruis, 
S. L. WARREN and H. J. Witson, Distribu- 
tion of radioactive isotopes of iodine in 


normal rabbits. Amer. J. Physiol. 132, 
346-350 (1941). 


M. FALKENHEIM, E. E. UNDERWoop and H. 
C. Hopcer, Calcium exchange; the mecha- 
nism of absorption by bone of Ca* J. Biol. 
Chem. 188, 805-817 (1951). 


H. C. Hopce, Pharmacologic tools in the 
study of the mechanisms of uranium 
poisoning. Amer. Med. Assoc. Arch. Industr. 
Hygiene Occ. Med. 2, 300-311 (1950). 


H. C. Honce, Mechanism of uranium 
poisoning. Fed. Proc. 6, 339 (1947). 


E. A. Maynarp, C. RANDALL and H. C. 
Honce, Effects of feeding uranyl nitrate 
in the diets of breeding white rats. Fed. 
Proc. 6, 355 (1947). 


W. Mann, W. F. Bate, H. C. Hopce and 
S. L. Warren, Distribution in rabbit 
tissues of intravenously injected iodine as 
shown by the radioisotope, iodine-130. 
J. Pharmacol. Exp. Therapeutics 95, 12-17 


E. A. MAayNnarpb, W. L. Downs and H. C. 
Honce, Preliminary Data on Rat Feeding with 
Beryllium, MDDC-1234 (1947). 


C. D. CRowE Lt Jr., H. C. Hopce and W. R. 
Line, Chemical analysis of tooth samples 
composed of enamel, dentine and cementum. 
J. Dental Res, 14, 251-268 (1934). 


H. C. Hopce, W. F. Koss, J. T. G1nn, 
M. FALKENHEIM, E. GAvEtTT, R. C. Fower, 
I. THomas, J. F. BoNNER and G. DessAvER, 
The nature of the insoluble sodium of bone. 
The adsorption of sodium at forty degrees 
by bone, dentin, enamel and hydroxyapatite 
as shown by the radioactive isotope. J. Biol. 


Chem. 148, 321-332 (1943). 


H. C. Hopce, Mechanism of uranium 
poisoning. Amer. Med. Assoc. Arch. Industr. 
Hlth, 14, 43-47 (1956). 


M. L. Mantry, H. C. Hopce and S. N. 
Van Vooruis, Distribution of ingested 
phosphorus in bone and teeth of a dog, 
shown by radioactive isotope. Proc. Soc. 
Exp. Biol. Med. 45, 70-72 (1940). 


P. S. CHEN Jr., F. A. Smiru, D. E. GARDNER, 
j. A. O’Brien and H. C. Hopes, Renal 
clearance of fluoride. Proc. Soc. Exp. Biol. 
Med. 92, 879-883 (1956). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


J. W. Hern, J. F. Bonner, F. BrupEvoLp, 
F. A. Surry and H. C. Hopce, Distribution 
in the soft tissue of the rat of radioactive 
fluoride administered as sodium fluoride. 
Nature, Lond. 178, 1295-1296 (1956). 


H. C. Hopce and J. H. Sterner, The skin 
absorption of triorthocresyl phosphate as 
shown by radioactive phosphorus, J. Phar- 
macol. 79, 225-234 (1943). 


J. M. Hoianper, I. Percman and G. T. 
SEABORG, Table of Isotopes, Rev. Mod. 
Phys. 25, 469-651 (1953). 

R. D. Coreman, H. L. Kusnetz, P. F. 
Woo tricuH and D. A. Hotapay, Radon and 
radon daughter hazards in mine atmospheres. 
Amer. Industr. Hygiene Assoc. Quart. 17,405—410 
(1956). 


D. A. Horapay, D. E. Rusnine, R. D. 
CoLeMaNn, P. F. Wootricn, H. L. Kusnerz 
and W. F. Bare, Control of Radon and 
Daughters in Uranium Mines and Calculations on 
Biologic Effects. U.S. Department of Health, 
Education and Welfare Publication 494 
(1957). 

P. F. Hott, D. M. Yares and D. H. 
Tomun, Distribution of injected selenium-31 
in rats. Biochem. J. 48, xliv, (1951). 

P. F. Horr and D. M. Yates, Tissue 
silicon: a study of the ethanol-soluble 
fraction using silicon-31. Biochem. J. 54, 
300-305 (1953). 

P. F. Hor and F. I. Scourar, Iron and 
copper metabolism of young women on 
self-selected diets. J. Nutrition 35, 717-723 
(1948). 

O. Henn, On the question of the tolerance 
dose of human organisms on inhalation of 
radium emanation. Strahlentherapie 94, 441-— 
454 (1954). 

M. K. Horwirr and G. R. CowciLt, The 
effects of ingested lead on the organism. I. 
Studies on the rat. J. Pharmacol. Exp. 
Therapeutics 61, 300-310 (1937). 


J. E. Howarp, Metabolism of calcium and 
phosphorus in bone. Bull. N.Y. Acad. Med. 
Ser. 2, 27, 24-41 (1951). 


M. J. Harp and F. I. Scourar, Cobalt 
metabolism of young college women on 
self-selected diets. J. Nutrition 47, 67-72 
(1952). 


Hr-1l 


Ht-5 


Hu-l 


H. E. Harrison and H. C. Harrison, 
Studies with radiocalcium: The intestinal 
absorption of calcium. J. Biol. Chem. 188, 
83-90 (1951). 

H. E. Harrison and H. C. Harrison, 
The uptake of radiocalcium by the skeleton. 
Fed. Proc. 8, 68-69 (1949) or J. Biol. Chem. 
185, 857-867 (1950). 

R. J. HAsreruik, Beryllium poisoning. 
Physics Today 2, No. 6, 14-17 (1949). 

R. J. Hastert, The delayed toxicity of 
radium deposited in the skeleton. Jnternational 
Conference on the Peaceful Uses of Atomic Energy, 
Geneva, August 1955 Vol. XI pp. 149-155. 
R. J. Hasrerurk, R. Druyan and D. L. 
Fink, Studies on the gross metabolism of 
strontium-85 in man. J. Lab. Clin. Med. 
48, 815-816 (1956). 

F. T. Hunter, A. F. Kip and J. \V. Irvine 
Jr., Radioactive tracer studies on arsenic 
injected as potassium arsenite. I, Excretion 
and localization in tissues. J. Pharmacol. 
Exp. Therapeutics 76, 207-220 (1942). 


F. T. Hunter and A. F. Kip, Fate of 
inorganic arsenic in certain animals in man. 


J. Appl. Phys. 12, 324 (1941). 


D. Hunter, Poisoning by the newer metals: 
beryllium, cadmium, osmium and vanadium. 


Arhiv. Hig. Rada 1, 113-121 (1950). 


R. B. Hunrer (Chairman), Bone as a 
skeletal structure and as a mineral reserve. 
Brit. J. Nutr. 6, 401-426 (1952). 

P. A. Orkin, I. The evolution of bone as 
tissue and organ pp. 401-405; 

G. H. Bett, II. Bone as a skeletal structure 
pp. 405-409; 

R. Watmasey, III. 
410-415; 

E. C. Qwen, IV. Bone as mineral reserve 
pp. 415-423; 

S. L. Tompsett, V. Bone and toxic minerals 
pp. 423-426. 

J. F. Brock and D. Hunter, The fate of 


large doses of iron administered by mouth. 


Quart. J. Med. 6, 5-16 (1937). 


M. Bucket, D. Hunter, R. Miron and 
K. M. A. Perry,Chronic mercury poisoning. 
Brit. J. Industr. Med. 3, 55-63 (1946). 


J. B. Hursw and A. A. Gates, Radium 
Content of the Body for Individuals with No 
Known Occupational Exposure, UR-119 (1950). 


Growth of bone pp. 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


J. N. Srannarp and J. B. Hursu, Studies on 
Metabolism of Polonium in Experimental Animals 
and Long Term Chronic Exposure of Animals to 
Radioactive Materials, UR-39 (1948). 


J. B. Hursw and J. N. STannarp, Present 
Status of Polonium Tolerance Estimations, 
UR-44 or AECD-3539 (1948). 

J. B. Hursu, Personal communication to 
M. J. Cook 18 March 1953. 


J. B. Hursu, Personal communication to 
M. J. Cook 23 June 1953. 

M. Sutrzer and J. B. Hursu, Polonium 
in the Urine of Miners Exposed to Radon, 
UR-266 (1953) or Amer. Med. Assoc. Arch. 
Industr. Hygiene Occ. Med. 9, 89-100 (1954). 


J. B. Hursw and L. T. Sreapman, Late 
findings in patients with retained thorotrast. 
II. Excretion and distribution of thorium- 
232 and its radium-224 daughter. Rad. Res. 
3, 235-236 (1955) (Abstract). 

J. B. Hursu, Radium Content ef Public Water 
Supplies, UR-257 (1953). 

J. B. Hursu and A. A. Gates, Body radium 
content of individuals with no known 


occupational exposure, Nucleonics 7, No. 1, 
46-59 (1950). 


Hu-10 J. B. Hursu and A. A. Gares, Radium 


analysis of source and tap water pp. 100-105. 
Quarterly Technical Report—1 October 1950 
through 31 December 1950, UR-152. 


J. B. Hursn, Excretion of radium by dogs 
after single intravenous injection pp. 6—10. 


Quarterly Progress Report—1\ January 1952 


through 31 March 1952, UR-205. 


Hu-12 J. B. Hursu, Radium content of public 


water supplies. J. Amer. Water Works Assoc. 


46, 43-54 (1954). 

E. NusssAum and J. B. Hursu, Radon 
solubility in rat tissues. Science 125, 552-553 
(1957). 

J. B. Hursn, Letter to K. Z. Morcan 10 
November 1954. 


J. B. Hursn, L. T. SreapMan, W. B. Looney 
and M. Cotopzin, The excretion of thorium 
and thorium daughters after thorotrast 
administration. Acta Radiol. 47, 481-498 
(1957). 


J. B. Hursn, Natural occurrence of radium- 
226 in human subjects, in water and in food, 
Measurement of body radioactivity. Brit. 


Hu-17 J. B. Hursn, 


Hv-1l 


275 


J. Radiol. Suppl No. 7 (Papers read at 
conference at Leeds on 16-17 April 1956 
pp. 45-53). 

The Limitations of Urinary 
Radium as a Measure of Radium Body Load. 
UR-522 (1958). 

R. L. Hoover (Editor), Proceedings of 
Bio-Assay and Analytical Meeting 6-7 October 
1955, NLCO-595. 

M. F. Muiiiican (Los Alamos) Fluoro- 
photometric determinations of uranium in 
urine and air pp. 15-34; 

F. Witurams (Oak Ridge) Electrodeposition 
of enriched uranium in urine pp. 35-44; 
W. L. Lamar (U.S. Geological Survey) 
Determination of fluoride in water pp. 
45-70; 

M. F. Mitiican (Los Alamos) Determina- 
tion of tritium in urine and water pp. 71-92; 
E. Campsett (Los Alamos) Determination 
of mercury in urine and air pp. 93-104; 
J. B. Hursu (Rochester), The natural 
radioactivity of man pp. 105-122; 

J. SepLet (Argonne National Laboratory), 
Determination of micromicrogram quanti- 
ties of radium pp. 123-144; 

R. L. Hoover (National Lead of Ohio), 
Counting techniques and instrumentation 
pp. 145-154; 

B. Harrow, Textbook of Biochemistry, Saun- 
ders, Philadelphia (1943). 

J. W. Heary, Personal communication to 
K. Z. MorcGan, 4 November 1955. 

J. W. Hearty, A Review of the MPC’s for 
Natural Thorium, HW-40105 (1955). 

J. W. Heary, Personal communication to 
K. Z. Morcan, 24 April 1956. 

J. W. Heatry (Editor), HW-49793. 

J. W. Heary (Editor), HW-48044. 

J. W. Heary, Calculation of the maximum 
permissible concentrations for long-lived 
radioisotopes. Rad. Res. 4, 367-372 (1956). 
J. W. Heary, Estimation of plutonium lung 
burden by urine analysis. Amer. JIndustr. 
Hygiene Assoc. Quart. 18, 261-266 (1957). 
J. W. Hearty (Editor), HW-51321 (1957). 
J. W. Heatry, Letter to M. J. Coox 17 
December 1957. 

R. L. IncAutis and F. A. Jonnston, Iron 
from gastrointestinal sources excreted in 
feces of human subjects. J. Nutrition 53, 
351-363 (1954). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Kartasut InoveE, TAKEHIKO Kikucut, TAp- 
AsHt MryaAke, Gyorcut WAKISAKA, Morozo 
NisHIKAWA, Some experiments on phos- 
phorus-32. III. Biological tracer experiment 
Bull. Inst. Chem. Res. Kyoto Univ. 22, 74-75 
(1950) or Annual Report of the Research 
Committee on the Application of Artificial 
Radioactive Isotopes in Japan Vol. 1, Pt. 2, 
34-35 (1951). 

Yosojst Iro, Susumu Tsururuyt, Yosto 
Hiramatau and Mixrro Cuipa, Physio- 
logical chemistry of the hard tissues. I. 
Dynamics of labeled calcium uptake by the 
incisors of the rat. J. Biochem. (Japan) 43, 
701-710 (1956); Chem. Abstr. 51, 2143b 
(1957). 

J. E. Ives, F. L. Know es and R. H. Brirren 
Health aspects of radium dial painting. III. 
Measurements of radioactivity in workers. 
J. Industr. Hygiene 15, 433-446 (1933). 

L. O. JAconson, E. L. Simmons and M. H. 
Biock, Effect of splenectomy on toxicity of 
strontium-89 to hematopoietic system of 
mice. J. Lab. Clin. Med. 34, 1640-1655 (1949) 


L. Jacosson, R. Overstreet and I. 
Cuarkorr, Metabolism of Fission Products— 
MDDC-1005 or CH-2258 


Radiotellurium, 


1944). 


L. Jacopson and D, Rosensaum, Postmortem 
findings and radioactivity determinations 


five years after injection of thorotrast. 
Radiology 31, 601-607 (1938). 

L. Jacosson (Editor), Semiannual Report 
to AEC, September 1954 ACRH-2. 

R. J. Hastert, W. B. Loongey, A. M. 
Brues and E. Sxrrmont, A clinical investiga- 
tion of the chronic effects of radium salts 
administered therapeutically (1915-1931). 
R. Overstreet, L. O. JAcosson, H. FisHer 
and K. Scort, Progress Report on Metabolism 
of Fission Products for Period Ending 15 October 
1943, MDDC-1011 or CH-1049. 

L. O. JAcosson and E. L. Smumons, Studies 
of the Metabolism and Toxic Action of Injected 
Radium. Pt. Il. The Hematological Effects 
of Parenterally Administered Radium. A Com- 
parison of Plutonium and Radium Effects, 
AECD-2372 (1946). 

L. O. Jacopson, E. K. Marks, M. J. 
Rosson, E. O. Gaston and R. E. ZrrK.e, 
The effect of spleen protection on mortality 
following X-irradiation. J. Lab. Clin. Med. 
34, 1538-1543 (1949). 


Ja-8 


L. O. Jacosson, E. L. Stmmmons, W. F. 
BeTHARD, E. K. Marks and M. J. Rosson. 
The influence of the spleen on hemato- 
poietic recovery after irradiation injury. 
Proc. Soc. Exp. Biol. Med. 73, 455-459 (1950). 


A. Jacos, The significance of trace elements 
in plant, animal and human _ nutrition. 
Naturw. Rundschau 8, 309-314 (1955). 


C. Jecu, Retention of radon decay products 
in human lungs. Amer. Med. Assoc. Arch. 


Industr. Hlth. 13, 475-479 (1956). 


M. R. Jerrrey, H. F. Freunpuicn, E. B. 
Jacxson and D. Watson, The absorption 
and utilization of radioiron in rheumatoid 
disease. Clin. Sci. 14, 395-406 (1955). 


E, JAunkKeE and F. Empe, Tables of Functions 
with Formulae and Curves (4th Ed.) Dover, New 
York (1945). 

M. L. Jackson, Effects of inhaled radon on 
mice. J. Appl. Phys. 12, 348 (1941). 


N. Joturre, F. F. Tispatu and P. R. 
CANNAN, Clinical Nutrition. Paul B. Hoeber 
Inc., New York (1950). 


J. M. Janes, G. M. Hicocrns and J. F. 
Herrick, Beryllium-induced osteogenic sar- 
coma in rabbits. J. Bone Joint Surg. B 36, 543- 
552 (1954). 


H. G. Jones, Some Factors Influencing the 
Gastro-Intestinal Absorption of Strontium in Rats. 
AERE/SPAR/6 (1955). 

H. B. Jones and R. L. GunrHeEr, Confirmation 
of Radioactivity in Thyroids of Various Animals— 
15 July to 10 September 1954, UCRL-2689. 


H. B. Jones, Confirmation of Radioactivity in 
Thyroids of Various Animals—15 July to 
9 August 1954, UCRL-2689 (Addition). 


H. B. Jones, I. L. Cuarkorr and J. H. Law- 
RENCE, Phosphorus metabolism of the soft 
tissues of the normal mouse as indicated by 
radioactive phosphorus. Amer. J. Cancer 40, 
235-242 (1940). 

L. Jost, Occurrence of the heavy metals in 
the teeth and salivary glands. Dtsch. Zahn 
Mund. u. Kiefer Heilk. 1, 117-122 (1934); 
Chem. Abstr. 31, 3547 (1937). 


G. Jovet and R. Gautier, Dynamic theory 
of the radioiodine investigation of thyroid 
function, Bull. Schweiz. Akad. Med. Wiss. 
11, 82-115 (1955). 


Jy-6 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 277 


M. Owen, J. Jowsey and J. VAUGHAN, 
Investigation of the growth and structure 
of the tibia of the rabbit by microradio- 
graphic and autoradiographic techniques. 
J. Bone Joint Surg. B37, 324-342 (1955). 
J. Jowsry, H. A. Sissons and J. VAUGHAN, 
The site of deposition of yttrium-91 in the 
bones of rabbits and dogs. J. Nucl. Energy 
2, 168-176 (1956). 

J. Jowsry, The use of the milling machine 
for preparing bone sections for microradio- 
graphy and microautoradiography, J. Sci. 
Instr. 32, 159-163 (1955). 

J. B. O’Nenw, J. R. Jowsey, C. C. Lee and 
J. W.T. Sprinxs, Distribution of phosphorus- 
32 in chick embryos. Canad. J. Res. D 27, 
223-232 (1949). 

P. W. Kent, J. Jowsey, L. M. STeppon, 
R. Oxrver and J. VAUGHAN, The deposition 
of S* in cortical bone. Biochem. J. 62, 
470-476 (1956). 

J. Jowsey, R. E. Row anp and J. H. 
MarsHALL, Deposition of the rare earths in 
bone. Rad. Res. 8, 490-501 (1958). 

M. D. Kamen, Radioactive Tracers in Biology. 
Academic Press, New York (1947). 

L. A. KAsHCHENKO, On the effects of radio- 
active iodine on the hypophysis and ovaries 
of mammals. Med. Radiol. No. 2, 70-75 
(1956) (In Russian); Nucl. Sci. Abstr. 10, 
11017 (1956). 

M. KapuscinsKA, Some problems on the 
toxicology of radioactive strontium. Nukleo- 
nika 3, 342-349 (1958); Nucl. Sct. Abstr. 
12, 13679 (1958). 

Kansas State College of Agriculture and Applied 
Science Report Number 4 of Agricultural Experi- 
ment Station, TID-5098. A conference on the 
use of isotopes in plant and animal research 
held on 12, 13 and 14 June 1952. 

S. L. Hansarp, Metabolism procedures and 
their significance in radioisotope studies with 
farm animals pp. 88-98; 

M. Kuemer, Use of P** as tracer in research 
on metabolism and food utilization in intact 
dairy cows pp. 99-121; 

L. F. Wo.tTeRtnk, Isotopes in hormonal and 
and nutritional studies in animals pp. 
122-154. 

M. Kterser, Carbon-14 Distribution in a Cow 
Following Intravenous Injection of NaHC™Qs, 
M-4458 (1949). 


Kb-2 


M. Kuerer and J. R. Luicx, Calcium and 
phosphorus transfer in intact dairy cow. 
Ann. N.Y. Acad. Sci. 64, 299-313 (1956-1957). 


H. J. Kocu Jr., E. R. Smrru, N. F. Sump 
and J. Connor, Analysis of trace elements 
in human tissues. Cancer 9, 499-511 (1956). 


H. J. Kocnu Jr. and E. R. Smurrn, The 
determination of copper and zinc in normal 
and pathological human thyroid tissue. 
J. Clin. Endocrin. Metab. 16, 123-129 (1956). 
F. R. Keatinc Jr., M. H. Power, J. 
Berkson and S. F. Hares, Urinary excre- 
tion of radioiodine in various thyroid states. 
J. Clin. Invest. 26, 1138-1151 (1947). 
W. McConauey, C. A. Owen and F. R. 
KeatinG, JR., A clinical appraisal of radio- 
iodine tests of thyroid function. J. Clin. 
Endocrin. Metab. 16, 724-734 (1956). 
G. M. KELLERMAN, Retention of sodium-22 
in rat bone. Nature, Lond. 181, 914-915 
1958). 
E. J. Kinc, H. Srantiat and M. Dotan, 
The biochemistry of silica acid. I. Micro- 
determination of silica. II. The presence 
of silica in tissues. III. The excretion of 
administered silica. Biochem. J. 27, 990-1014 
(1933). 
E. J. Kine and T. H. Bett, The physiological 
and pathological aspects of silica. Physiol. 
Rev. 18, 329-365 (1938). 
E. J. Kino, Silicosis and the metabolism of 
silica. Canad. Med. Assoc. J. 31, 21-26 (1934). 
T. H. Bett, D. Irwin and E. J. Kune, 
Sil:con and dust deposits in the tissues of 
persons without occupational exposure to 
siliceous dusts. Canad. Med. Assoc. J. 34, 
125-133 (1936). 
E. J. Kinc, The estimation of silica in 
tissues. J. Biol. Chem. 80, 25-31 (1928). 
R. A. Kenoer, F. THAMANN and J. CHOLAK, 
Lead absorption and excretion in relation 
to the diagnosis of lead poisoning. J. Industr. 
Hygiene 15, 320-340 (1933). 
R. A. Kenoe, F. THAMANN and J. CHOLAK, 
On the normal absorption and excretion of 
lead. I. Lead absorption and excretion in 
primitive life; II. Lead absorption and lead 
excretion in modern American life; III. 
The sources of normal lead absorption; 
IV. Lead absorption and excretion in 
infants and children. J. Industr. Hygiene 15, 
257-305 (1933). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


R. A. Kenor, J. CHoLAK, D. M. Hupparp, 
K. BamsBacu and R. R. McNary, Experi- 
mental studies on lead absorption and 
excretion and their relation to the diagnosis 
and treatment of lead poisoning. J. Jndustr. 
Hygiene Toxicol. 25, 71—79 (1943). 


R. A. Kenor, J. CHoiak and R. V. Srory, 
A spectrochemical study of the normal 
ranges of concentration of certain trace 
metals in biological materials. J. Nutrition 
19, 579-592 (1940). 


R. A. Kenoe, F. THAMANN and J. CHOLAK, 
Normal absorption and excretion of lead. 
J. Amer. Med. Assoc. 104, 90-92 (1935). 


R. A. Kenor, Lead absorption and lead 
poisoning. Med. Clin. N. A. 26, 1261-1279 
(1942). 

R. A. Kenor, J. CHoLAK and R. V. Story, 
Manganese, lead, tin, aluminum, copper 
and silver in normal biological material. 
J. Nutrition 20, 85-98 (1940). 


R. A. Kenoer, J. CHOLAK and E. J. LARGENT. 
The hygienic significance of the contamina- 
tion of water with certain mineral constituents. 
J. Amer. Water Works Assoc. 36, 645-657 
(1944). 


R. A. Kenoe, J. CHovLaxk and E. J. LARGENT, 
The concentrations of certain trace metals 
in drinking water. J. Amer. Water Works 


Assoc. 36, 637-644 (1944). 


L. L. Kuamarpe, Development of tumors at 
the place of introduction of radioactive 
substances. Summaries of Papers Presented at the 
Conference on the Remote Consequences of 
Injuries Caused by the Action of Ionizing Radia- 
tion, Committee on Medical Radiology. Ministry 
of Health, U.S.S.R., Moscow 1956. English 
translation pp. 40-44 (1957). 


F. Kirrie, E. R. Kine, C. T. BAHNER and 
M. Brucer, Distribution and excretion of 
radioactive hafnium-181 sodium mandelate 
in the rat. Proc. Soc. Exp. Biol. Med. 76, 
278-284 (1951). 

TAKEHIKO Kikucut1, GyorcHt WAKISAKA, 
TsuyosHt Kono, Hrrosu:1 Goro, Hiroaki 
AKAGI, TsUNEHISA YAMAMSU and _ IsAmuU 
SuGAWA, Studies on the metabolism of 
fission products. I. Studies on the metabolism 
of the radioactive ashes obtained from the 
No. 5 Fukuryu Maru. Bull. Inst. Chem. Res. 
Kyoto Univ. Suppl. 75-83 (1954). 


Kik-2 


TAKEHIKO Kikucu1, GyorcHt WAKISAKA, 
TsuyosHt Kono, Hrrosu1 Goto, Hiroaki 
AKAGI, TsUNEHISA YAMAMSU and_ IsAMU 
SuGAwa, Studies on the metabolism of 
fission products. II. Studies on the meta- 
bolism of the radioisotopes contained in the 
radioactive ashes obtained from the No. 5 
Fukuryu Maru. Bull. Inst. Chem. Res. Kyoto 
Univ. Suppl, 84-98 (1954). 

TAKEHIKO Kikucut, GyorcHt WAKISAKA, 
Masaru SUENAGE, Tsuyost Kono, Hrroaki 
AKAGI, HrirosHt Goto, TAKAsHI MATsUKI 
and YAsuo YOSsHIMINE, Studies on the 
metabolism of fission products. III. Radio- 
autographic studies on the localization of 
radiostrontium and radiocalcium in the 
bones. Bull. Inst. Chem. Res. Kyoto Univ. 
Suppl., 99-105 (1954). 

TAKEHIKO Kikucut, GyorcHt WAKISAKA 
and ‘TAKAsHt Marsuxki, Studies on the 
influence of radiostrontium upon the blood 
and bone marrow picture of rabbits. Bull. 
Inst. Chem. Res. Kyoto Univ. Suppl., 112-119 
1954). 

R. Kivtpatrrick, H. E. RenscHier, D. S. 
Monro and G. M. Wirson, A comparison 
of the distribution of K*® and Rb* in rabbit 
and man. J. Physiol. 133, 194-201 (1956). 
F. W. Kinarp and J. C. Aut, Distribution 
of tungsten in the rat following ingestion of 
tungsten compounds. J. Pharmacol. Exp. 
Therapeutics 83, 53-55 (1945). 


F. W. Kinarp and J. vAN DE Erve, Effect 
of tungsten metal diets in the rat. J. Lab. 
Clin. Med. 28, 1541-1543 (1943). 

F. W. Krnarp and J. VAN DE ErveE, Toxicity 
of orally-ingested tungsten compounds in the 


rat. J. Pharmacol. Exp. Therapeutics 72, 
196-201 (1941). 

S. E. KaminsKAyA, Determination of titanium 
in organisms. Trudy Biogeokhim. Lab. Akad. 
Nauk, S.S.S.R. 4, 227-243 (1937); Chem. 
Abstr. 32, 7486 (1938). 

S. E. Kaminskaya, The presence of titanium 
in organisms. Trudy Biogeokhim. Akad. Nauk. 
S.S.S.R. 7, 130-135 (1944); Chem. Abstr. 
40, 5781 (1946). 

I. Kremer, Human Biochemistry. 
St. Louis (1948). 

E. Kern, Iodine metabolism in relation to 
age. Z. Alterforsch 8, 119-128 (1954); 
Excerpta Med. 9, Sec VI, 991-992 (1955); 
Chem. Abstr. 50, 14070 (1956). 


Mosby, 


Kp-1l 


Kp-2 


Kp-3 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


M. Kuimax, V. HrstKa and A. Buco, 
The influence of diet on the radioactive 
iodine absorption by the thyroid, observed 
with the aid of twenty-four-hour tests of 
iodine-131. Enkokrinologie 34, 273-277 (1957) 
(In Czech.) ; Chem. Abstr. 52, 4761a (1958). 


S. Kotetsky and J. H. Curistiz, Biologic 
effects of radioactive phosphorus poisoning 
Amer. J. Path. 27, 175-209 (1951). 


N. L. Kent and R. A. McCancr, Absorption 
and excretion of ‘minor’ elements by man. 
I. Silver, gold, lithium, boron and vanadium. 
Biochem. J. 35, 837-844 (1941). 


N. L. Kent and R. A. McCance, Absorp- 
tion and excretion of ‘minor’ elements by 
man. II. Cobalt, nickel, tin and manganese. 
Biochem. J. 35, 877-883 (1941). 


E. L. Knapp, Factors influencing the urinary 
excretion of calcium. I. In normal persons. 
J. Clin. Invest. 26, 182-202 (1947). 


A. KorzArerr, A propos des notes de A. 
Lacassagne et J. Lattés sur la fixation du 
polonium par l’organisme et sur l’auto- 
radiographie des organes. C. R. Soc. Biol. 
93, 404-405 (1925). 

A. Korzarerr, A propos des notes de A. 
Lacassagne et J. Lattés sur la fixation elective 
et la nocivité du polonium. C. R. Soc. Biol. 
93, 471-472 (1925). 


E. E. 

copper 
79, 495-504 

4828 h (1955). 
H. Brown and J. A. Kowtmer, Bismuth 
excretion and storage in rabbits after the oral 
and intramuscular administration of sobio- 
minal solution and water-soluble potassium 
bismuth tartrate. Amer. J. Syphilis, Gonorrhea 
Venereal Diseases 26, 159-165 (1942). 

R. Ko, Spectrochemical Analysis of Water, 
HW-48770 (1957). 

K. K. TurextAn and J. L. Kup, Strontium 
content of human bones. Science 124, 
405-406 (1956). 

J. L. Kutp, W. R. Ecke-Mann and A. R. 
ScHULERT, Strontium-90 in man. I. Science 
125, 219-225 (1957). 

W. R. Ecketmann, J. L. Kurtp and A. R. 
SCHULERT, Strontium-90 in man. II. Science 
127, 266-274 (1958). 


VAN KoeTSvELD, Various aspects of 
Tijdschr. Diergeneesk. 
Chem. Abstr. 49, 


metabolism. 


(1954) ; 


Kp-4 


Kp-5 


Ks-1l 


279 


J. L. Kure and R. Staxter, Current 
strontium-90 level in diet in the United 
States. Science 128, 85-86 (1958). 


D. L. THurser, J. L. Kuip, E. Hopces, 
P. W. Gast and J. M. WampLer, Common 
strontium content of the human skeleton. 
Science 128, 256-257 (1958). 


A. Watton, R. Kotocrivov and J. L. Kup, 
The concentration and distribution of 
radium in the normal human skeleton. 
Health Phys. 1, 409-416 (1959). 


A. R. Scuutert, E. J. Honces, E. S. Len- 
Horr and J. L. Kup, Strontium-90 dis- 
tribution in the human skeleton. Health 
Phys. 2, 62-68 (1959). 


A. Kress, Investigations on the problem of 
radium poisoning. Strahlentherapie 72, 164— 
169 (1942), 


A. Kreps, Concerning the toxicology of 
thorium emanation. Naturwissenschaften 28, 
766-767 (1940). 


J. S. Krakusin and R. B. Jennincs, Radio- 
autographic localization of sodium-22 in 
the rat kidney. Amer. Med. Assoc. Arch. 
Path. 59, 471-486 (1955). 


R. B. JenninGs and J. S. Krakustn, Localiza- 
tion of sodium-22 in the rat kidney. Fed. 
Proc. 11, 417 (1952). 


A. J. KREMEN, S. W. Hunter, G. E. Moore 
and C. R. Hircucock, Distribution of 
tracer doses of methionine tagged with 
radiosulfur in normal and neoplastic tissue. 
Cancer Res. 9, 174-176 (1949). 


L. Krantz and R. V. Tatmace, Distribu- 
tion of radioactivity following intravenous 
administration of trivalent Cr*! in the rat 
and rabbit. Proc. Soc. Exp. Biol. Med. 81, 
490-492 (1952). 

A. Kramisu (Editor), Sunshine Report, AECU- 
3488; Worldwide Effects of Atomic Weapons. 
Project Sunshine. (1953). 

J. P. Kriss, Uptake of radioactive iodine 
after intravenous administration of tracer 
doses. J. Clin. Endocrinol. 11, 289-297 (1951). 


J. Karz, Memo. Unpublished information 
to H. A. KornBerc, 25 September 1950. 


H. A. Kornserc (Manager), Biology Re- 
search—Annual Report 1954, HW-35917. 


Kt-4 


Kt-5 


Kt-6 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


M. H. Weeks and W. D. OAKLEy, Gastroin- 
testinal absorption, distribution and reten- 
tion of cesium fed chronically in various 
forms to rats pp. 50-55; 

M. H. Weeks, L. A. Georce, W. D. 
OAKLEY, L. K. Bustap and R. C. THompson, 
Comparison of gastrointestinal absorption 
of plutonium in the rat and dog, pp. 64-67; 
R. C. THompson and O. L. Hotuis, Gas- 
trointestinal absorption of ruthenium in the 
rat (preliminary studies), pp. 70-73; 

M. H. Weexs and R. C. TxHompson, 
Absorption, distribution and retention of 
ruthenium in rats following chronic oral 
administration, pp. 74-81; 

R. C. THompson and O. L. Hottis, Dis- 
tribution and retention of ruthenium in rats 
following intraperitoneal administration, 
pp. 82-86. 

Biology Research Annual Report 1953, HW- 
30437. 

R. C. THompson and J. E. BALLov, Com- 
parison of the metabolism of deuterium and 
tritium in the rat pp. 79-80; 

G. N. Siru, O. L. Hoiuts and R. C. THomp- 
son, Distribution of bound tritium in the rat 
following exposure to tritium gas, pp. 81-86; 
R. C. THompson and J. E. BAttou, Distri- 
bution of bound tritium in the rat following 
chronic exposure to tritium oxide, pp. 87-92; 
W. C. Hanson and R. L. Brownine, 
Absorption and distribution of ruthenium 
in the fowl, pp. 95-98; 

R. F. PALMER, Normal abundance of radium 
in cadavers from the Pacific northwest, 
pp. 99-101; 

J. Karz and M. H. Weeks, Absorption of 
plutonium from the gastrointestinal tract 
of rats: Effect of plutonium concentration, 
pp. 106-108; 

L. K. Busrap, L. A. Georce, C. M. BARNEs, 
S. Marks, D. E. Warner and H. A. 
KornserG, Toxicity of I'*! in sheep. X. 
Low-level chronic effects, pp. 131-140. 


J. Katz, C. W. DeLonc, M. E. Gerzen- 
DANER, A. C. Case and E. S. MILter, 
Absorption of Plutonium Fed Chronically to Rats. 
I. Effeci of Sex on Fraction Absorbed after High 
Dosage Levels, HW-20941 (1951). 


J. Karz, Plutonium Metabolism—A Literature 
Review, HW-21868 (1951). 


J. Karz, M. H. Weeks and R. C. THompson 
Gastro-Intestinal Absorption of Plutonium. II. 


Effect of Plutonium Concentration in Solution 
Fed, HW-30220 (1954). 


M. H. Weeks, L. A. GeorcE, W. D. OAKLEY 
L. K. Busrap and R. C. THompson, Gastro- 
Intestinal Absorption of Plutonium. III. Com- 
parison Between Rat and Pig. HW-33744 
(1954). 


J. Karz, H. A. Kornperc and H. M. 
PARKER, Absorption of plutonium fed 
chronically to rats. I. Fraction deposited 
in skeleton and soft tissues following oral 
administration of solutions of very low mass 
concentration. Amer. J. Roentgenol. 73, 303- 
308 (1955). 


M. H. Weeks, J. Karz, W. D. OAKLEy, 
J. E. Batiou, L. A. Georce, L. K. Busrap, 
R. C. THompson and H. A. KornBeErc, 
Further studies on the _ gastrointestinal 
absorption of plutonium. Rad. Res. 4, 
339-347 (1956). 


H. A. KornperG (Manager), Hanford 
Atomic Products Operation, Biology Research 
Annual Report 1956, HW-47500. 

R. C. THompson and O. L. Ho ttuis, Early 
fate of ingested ruthenium pp. 11-19; 
J. E. BALLou and R. C. THompson, Distribu- 
tion and retention of ruthenium pp. 20-24; 
J. E. BAtou, Effect of age on the absorption 
of plutonium and ruthenium pp. 25-29; 
B. Kawyy, N. L. Dockum and R. F. PALMER, 
Distribution and excretion of plutonium 
pp. 30-35; 

R. Borasky, Collagen reactivity with 
plutonium pp. 36-41; 

J. E. Battovu, Distribution and retention of 
cesium pp. 42-45; 

M. F. SutitrvAn and P. L. Hackert, 
Irradiation of the intestine by radioisotopes 
pp. 56-62; 

B. Kawin, Effects of isotopic dilution of Ca* 
and Sr®® deposition pp. 74-78. 

V. G. Horstman, A. A. SELpERs, W. L. 
NicHotson, F. P. Huncate and L. K, 
Busrap, Turnover of inorganic versus plant 
incorporated Sr®* to sheep milk pp. 79-83; 
L. K. Busrap, V. G. Horsrman, L. A. 
Grorce Jr., S. Marks, P. L. Hackett, 
W. J. CLarkeE Jr., L. J. Sercneur and H. A. 
KornserG, Toxicity of I! in sheep. 
XXII. Effects following prolonged admini- 
stration pp. 84-91; 

S. Marks, L. A. Georce Jr., L. J. SEIGNEUR 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 281 


and L. K. Bustrap, Thyroid adenomas in 
sheep fed 5c I181/day pp. 92-96; 

L. J. Seigneur, P. L. Hacxerr and L. K. 
Bustap, Biological effects of I4*! in pigs. I. 
Nutrition level as a factor in thyroidal-I14! 
metabolism pp. 104-110; 

J. E. Battou and W. D. Oaktery, Absorp- 
tion and decontamination of plutonium on 
rats pp. 142-145; 

L. A. GeorcE Jr., N. L. Dockum and L. K. 
Busrap, Removal of plutonium from pig 
skin pp. 146-156; 

D. H. Witiarp, L. A. Trempre, V. H. 
SmirH and R. W. WaceEr, Turnover and 
distribution of radioactive particles in the 
lung pp. 160-164; 

L. A. Tempite, D. H. Witiarp, V. H. 
SmirH and R. W. Wacer, Lung tumors 
following deposition of particulate material 
pp. 165-169; 

R. F. PALMER, Accumulation of radioisotopes 
in rats chronically exposed to reactor 
efHuent water pp. 209-211. 

H. A. KornperG (Manager), Hanford 
Atomic Products Operation, Biology Reseach— 
Annual Report 1955, HW-41500. 

B. Kawry, Effects of carrier upon distribu- 
tion of Ca*® and Sr8® in rats pp. 14-18; 
H. A. Kornpera, Effectiveness of isotopic 
dilution pp. 19-28; 

R. F. PAtmer, Chronic build-up of reactor 
effluent radioisotopes in rats pp. 53-54; 
R. W. Wacer, N. L. Docxum, L. A. 
Tempe and D. H. Wittarp, Toxicity of 
radioactive particles. IA. Intratracheal in- 
jection of radioactive suspensions pp. 61-72; 
N. L. Dockum and J. W. Hearty, Spot 
diameter method of quantitative auto- 
radiography of Ru! particles in lung 
tissue pp. 73-76; 

W. D. Oaxtey and R. C. THompson, 
Further studies on percutaneous absorption 
and decontamination of plutonium in rats 
pp. 106-113; 

M. H. Weeks, J. E. Battou and R. C. 
THompson, Effect of chemical and physical 
state of gastrointestinal absorption of plu- 
tonium pp. 114-118; 

R. C. THompson, M. H. Weeks, O. L. 
Ho.us, J. E. BALLou and W. D. Oak .ey, 
Absorption and turnover of Ru! pp. 
119-123; 

R. C. THompson and O. L. Hotuts, Gastro- 
intestinal distribution with time of ruthenium 
chloride pp. 124-125; 


B. Kawin and R. F. PALMER, Gastrointes- 
tinal absorption, distribution and retention 
of various forms of P32 by rats pp. 126-128; 
B. Kawin and R. F. Paver, Distribution 
of P®? in bones of rats pp. 129-135; 

L. K. Busrap, L. A. Greorce Jr., V. G. 
Horstman, S. Marks, P. L. Hackett 
and H. A. Kornperec, Toxicity of I}*! in 
sheep. XIX. Low-level chronic effects 
pp. 136-144; 

L. J. Seigneur, P. L. Hackett, S. Marks, 
L. A. Georce Jr., and L. K. Busrap, 
Toxicity of I'3! in sheep. XX. Effects of 
acute administration in lambs pp. 145-151; 
L. J. SercNeur, L. D. Test and L. K. 
Bustap, Scintillation detector for thyroidal 
[131 in pigs pp. 166-172. 

H. A. Kornperc (Manager), Hanford 
Atomic Products Operation, Biology Research— 
Annual Report 1957, HW-53500. 

R. F. Parmer, R. C. THompson and H. A, 
KorRNBERG, Deposition of strontium and 
calcium in the mature rat pp. 18-24; 
W. J. CLarke, V. G. Horstman and L. K. 
Bustap, Effect of dietary calcium on 
radiostrontium absorption in lambs pp. 
25-30; 

J. E. Battou and R. C. THompson, Buildup 
of chronically fed Cs!* in the rat pp. 31-34; 
R. C. PENDLETON, Absorption of Cs!*7 by an 
aquatic community pp. 35-43; 

W. C. Hanson and R. L. Brownine, 
Radioisotopes from fallout in_ terrestrial 
animals pp. 47-54; 

L. K. Busrap, V. G. Horsrman, W. J. 
Criarke, L. A. Georce Jr., S. Marks, 
P. L. Hackett, L. J. Seicneur, D. L. 
ANDERSON and H. A. Kornsera, Biological 
effects of I! in sheep. XXIII. Observa- 
tions following single and prolonged daily 
administration pp. 55-63; 

L. A. Georce Jr., L. J. Sercneur, D. L. 
Anperson and L. K. Busrap, Biological 
effects and uptake of I’! in swine and 
fetal pigs pp. 64-74; 

J. W. Hearty, W. J. Clarke, L. J. SEIGNEUR, 
V. G. Horstman and L. K. Busrap, Early 
uptake of radioiodine in the thyroid of the 
sheep pp. 75-80; 

J. E. Battou, Gastrointestinal absorption of 
plutonium pp. 92-94; 

B. Kawin and N. L. Docxum, Distribution 
and retention of plutonium in rats pp. 95- 
101; 

W. J. Crarke, V. G. Horsrman, L. J. 


Kv-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


SEIGNEUR, J. L. Terry and L. K. Bustrap. 
Plutonium metabolism in miniature pigs 
pp. 102-111; 

W. J. Barr, Metabolism of plutonium oxide 
after lung exposure pp. 112—119; 

G. Vocr and B. Kawin, Localization of 
radioelements in rat ovary pp. 120-125; 
N. L. Docxum, A. C. Case, G. Voor and 
E. J. Coteman, Autoradiographic analysis of 
plutonium contamination in humans pp. 
126-134; 

V. H. Smrru, Removal of internally deposi- 
ted plutonium pp. 135-142; 

W. J. Barr, L. A. Tempre and D. H. 
WrLtarp, Turnover and translocation of 
inhaled Ru!®Q, and Pu**°O, pp. 143-153; 
L. A. Tempie, D. H. WiLtarp, S. Marks 
and W. J. Barr, Malignant lung tumors 
following exposure to radioactive particles 
pp. 154-162; 

D. H. Wittarp, L. A. Tempe and W. J. 
Bair, Attempts to remove lung deposited 
radioactive particles pp. 163-166; 

M. F. SuLiivAn and L. A. Georce, Effect 
of radiation on the gastrointestinal tract 
pp. 172-179; 

R. F. Pacmer, Radioisotopes in rats exposed 
to reactor effluent water pp. 189-190; 


J. E. Batiou, Metabolism of Zn® in the rat 
pp. 198-205; 

W. J. Crarkxe, L. K. Busrap and V. G. 
Horstman, Tissue concentration of Zn® 
in the bovine pp. 206-210. 


L. A. Krumuouz and J. H. Rust, Osteogenic 
sarcoma in a muskrat from an area of high 
environmental radiostrontium. Amer. Med. 
Assoc. Arch. Path. 57, 270-278 (1954). 

R. Kutwicu, L. Srruciia and P. B. 
PEARSON, Metabolic fate of sulphur-35 in 
sheep. J. Nutrition 61, 113-126 (1957). 

R. Kutwicu, L. Srrucura and P. B. 
Pearson, Sulfur metabolism in baby pigs. 
Fed. Proc. 15, 560 (or Abstract 1823) (1956). 
V. S. Kusuneva, The remote consequences 
of combined damage caused by silicon 
dioxide and radon to animals. Summaries 
of Papers Presented at the Conference on the 
Remote Consequences of Injuries Caused by the 
Action of Ionizing Radiation, Committee on 
Medical Radiology, Ministry of Health, U.S.S.R. 
Moscow 1956. English translation pp. 32-35 
(1957). 

E. M. Kinney and E. V. McCot.ivum, 
A study of the rate of deposition and paths 


of absorption of strontium in the rat. 
J. Pharmacol. Exp. Therapeutics 21, 165-176 
(1923). 


B. Kawi and R. F. PAcmer, Gastrointestinal 
Absorption, Distribution and Retention of Phos- 
phorus (P83?) by Rats Following Feeding in 
Various Forms, HW-43836 (1956). 


B. Kawin and R. F. PAtmer, Absorption 
and distribution in rats of radioactive phos- 
phorus biologically incorporated in food. 
Nature, Lond. 181, 127-128 (1958). 


B. Kawtn, Retention and localization of 
phosphorus-32 in rat ovary. Health Phys. 2, 
53-56 (1959). 


G. C. Kyxker, Biochemical consideration of 
distribution. Amer. J. Med. Sci. 227, 572-589 
(1954). 


G. C. Kyker, W. M. CHRISTOPHERSON, 
H. F. Berc and M. Brucer, Selective 
irradiation of lymph nodes by radiolutetium 
(Lu!*). Cancer 9, 489-498 (1956). 


W. M. CureistopHerson, H. F. Bera, 
G. C. Kyker and M. Brucer, Studies of 
interstitial radiolutetium (Lu?) in the dog. 
Amer. Med. Assoc. Arch. Path. 62, 441-444 
(1956). 


R. A. Woopsury, E. DAIGNEAULT and G. C. 
Kyker, Influence of previous administration 
of stable yttrium upon the excretion and 
distribution of yttrium-91. J. Pharmacol. 
Exp. Therapeutics 116, 63-64 (1956). 


G. A. Anprews, G. C. Kyker, R. M. 
KnisELEY and E. L. PAtmer, Preliminary 
studies of yttrium-90 in man (Abstract). 
Proc. Amer. Assoc. Cancer Res. 2, 1 (1955). 
(Abstracts of papers presented at the 46th 
Annual Meeting, 15-17 April, 1955, San 
Francisco, California. ) 


G. C. Kyxer, E. A. Cress and G. I. GLea- 
son, Effect of pH and carrier on the dis- 
tribution of radioyttrium (Abstract). <Ad- 
stracts of Papers Presented at the American 
Chemical Society Meeting, 24 March to 1 April 
1954, Kansas City Missouri, Paper 47, 
pp. 19c—20c. 


G. C. KyKker and E. A. Cress, Acute 
toxicity of yttrium, lanthanum and other 
rare earths. Amer. Med. Assoc. Arch. Industr. 
Hlth. 16, 475-479 (1957). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Ky-8  G.C. Kyxer and E. B. ANpErson (Editors), 


Rare Earths in Biochemical and 
Research: A Conference Sponsored by the 
Medical Division, Oak Ridge Institute of 
Nuclear Studies, October, 1955, ORINS-12 
(1956). 

K. P. DuBots, Chemical toxicity of salts of 
lanthanum, yttrium and other rare minerals 
to animals pp. 91-98. 

W. P. Norris, H. Lisco and A. M. Bruges, 
The radiotoxicity of cerium and yttrium 
pp. 102-111; 

P. W. Dursin, C. W. Astinc, M. E. Jouns- 
TON, J. G. HamiLron and M. H. WiLtiams, 
The metabolism of the lanthanons in the rat. 
II. Time studies of the tissue deposition of 
intravenously administered radioisotopes 
pp. 171-192; 

D. Laszio, Distribution of lanthanum and 
yttrium in the mammalian organism pp. 
193-217; 

The effect of dose on the mobilization 
of rare-earth radioisotopes. G. C. KyKker, 
I. Animal studies pp. 222-240; 

G. A. Anprews, II. Preliminary clinical 
studies pp. 241-258; 

S. W. Mayer and M. E. Morton, Prepara- 
tion and distribution of yttrium-90 fluoride 
pp. 263—277; 

S. L. Hoop and C. L. Comar, Tissue 
distribution and placental transfer of yttrium- 
91 in rats and cattle pp. 280-310; 

J. Jowsey, The localization of yttrium in the 
bone pp. 311-320; 

J. A. D. Cooper, G. J. BuLKLEy and V. J. 
O’Conor, Intraprostatic injection of radio- 
active yttrium chloride in the dog. pp. 
323-331; 

W. M. CurisropHerRsoN, H. F. BERG, 
G. C. Kyker and M. Brucer, Studies of 
radiolutetium in the 
pp. 332-339. 

W. M. CuristopHerson, G. C. KyYKER, 
H. F. Berc, M. Brucer and J. Meyer, 
Effect of specific activity on distribution of 
radiolutetium. Proc. Soc. Exp. Biol. Med. 95, 
750-754 (1957). 


Medical 


mammary gland 


J. F. Kuzma and G. ZAnper, Cancerogenic 
effects of Ca*® and Sr® in Sprague-Dawley 
rats. Amer. Med. Assoc. Arch. Path. 63, 
198-206 (1957). 


J. H. Lawrence and J. G. Hamitron, 
Advances in Biological and Medical Physics 
Vol. 1. Academic Press, New York (1948). 


La-2 


283 


J. H. Lawrence and J. G. Hamitton, 
Advances in Biological and Medical Physics 
Vol. II. Academic Press, New York (1951). 


J. H. Lawrence, Progress Report for August, 
1947—Medical and Health Physics Section. 
Part A. Cobalt distribution, MDDC-1597. 


J. H. Lawrence and K. G. Scorr, Compara- 
tive metabolism of phosphorus in normal 
and lymphomatous animals. Proc. Soc. 
Exp. Biol. Med. 40, 694-696 (1939). 

J. H. Lawrence, L. W. Turtie, K. G. 
Scotr and C. L. Connor, Studies on neo- 
plasms with the aid of radioactive phos- 
phorus. I. The total phosphorus metabolism 
of normal and leukemic mice. J. Clin. Invest. 
19, 267-271 (1940). 

C. A. Tostas, H. B. Jones, J. H. LAwRENCE 
and J. G. Hamitton, Uptake and elimina- 
tion of krypton and other inert gases by the 
human body. J. Clin. Invest. 28, 1375-1385 
(1949). 


L. A. Err and J. H. Lawrence, Clinical 
studies with the aid of radioactive phos- 
phorus. I. The absorption and distribution 
of radio-phosphorus in blood and _ its 
excretion by normal individuals and patients 
with leukemia. J. Clin. Invest. 20, 567-575 
(1941). 


M. P. Lacrorx, Calcium metabolism in 
compact bones of the adult rabbit. Budl. 
Acad. Roy. Méd. Belg. 18, 489-495 (1953). 


M. P. Lacrorx, R. Devis and E. Scuicks, 
Distribution of radiophosphorus in the long 
bones of adult rabbits. Experientia 8, 113-114 
(1952). 

F. R. Lane, A study of the use of radioactive 
gallium in medicine. Ann. Int. Med. 35, 
1237-1249 (1951). 

Lars-GunNnAR Larsson, Studies on radio- 
iodine treatment of thyrotoxicosis. With 
special reference to the behaviour of the 


radioiodine tracer tests, Acta Radiol. Stockh. 
Suppl. 126, (1955) 


Law-l J. N. P. Lawrence, Estimation of Whole Body 


Dose (rem) from 
LA-2163 (1958). 


W. B. Looney and L. A. Wooprurr, 
Investigation of radium deposit in human 
skeleton by gross and detailed autoradio- 
graphy. Amer. Med. Assoc. Arch. Path. 56, 
1-12 (1953). 


Tritium in Body Water, 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


W. B. Looney, The initial medical and 
industrial use of radioactive materials 
(1915-1940). Amer. J. Roentgenol. 72, 838-848 
(1954). 

W. B. Looney, R. J. Hastert, A. M. 
Brues and E. Sxrrmont, A clinical investiga- 
tion of the chronic effects of radium salts 
administered therapeutically (1915-1931). 
Amer. J. Roentgenol. 73, 1006-1037 (1955). 


W. B. Looney, Radium Toxicity Program: 
A Progress Report of Clinical Studies on Twenty- 
Four Patients, ANL-4666 (1951). 


W. B. Looney, Late follow-up studies after 
internal deposition of radioactive materials. 


J. Amer. Med. Assoc. 160, 1-3 (1956). 


W. B. Looney, Late clinical changes 
following the internal deposition of radio- 
active materials. Ann. Int. Med. 42, 378-387 
(1955). 

W. B. Looney, J. B. Hursn, V. E. ARcHER, 
L. T. SreaApMAN and M. Cotopzin, A 
summary of radium and thorium excretion 
in humans. International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 
August 1955 Vol. XI, pp. 55-64, Paper No. 
P/479. 

W. B. Looney and V. E. ArcHEer, Radium 
inhalation accident—radium excretion study 
Amer. J. Roentgenol. 75, 548-558 (1956). 

W. B. Looney, Late effects (twenty-five 
to forty years) of the early medical and 
industrial use of radio-active materials. 
Their relation to the more accurate establish- 
ment of maximum permissible amounts of 
radio-active elements in the body, Parts I-III. 
J. Bone Jt. Surg. A37—38, 1169-1187 (1955), 
175-218 (1956), 392-406 (1956). 

W. B. Loonry, M. Cotopzin, J. B. Hursu 
and L. T. STeapMAN, Thorotrast (Thorium 
Dioxide) Administration—A Quarter Century 
Review. Presented at the Fifty-fifth Annual 
Meeting, American Roentgen Ray Society, 
Washington, D.C., 21-24 September, 1954 
and the Radiation Research Society Meeting, 
New York City, 16-18 May, 1955. 

W. B. Looney, A Re-Evaluation of the Maximum 
Permissible Concentration for Radium. Un- 
published data (1957). 

W. B. Looney and M. Cotopztim, Late 
follow-up studies after internal deposition 
of radioactive materials. J. Amer. Med. 


Assoc. 160, 1-3 (1956). 


Lb-13. W. B. Looney, Effects of radium in man. 


Le-l 


Science 127, 630-633 (1958). 


J. S. Larrés et M. A. Lacassacne présentée 
par M. J. Perrin, Dosage dans les différents 
organes, du polonium injecté dans l’organ- 
isme. C. R. Acad. Sci. Paris 178, 771-773 
(1924). 


J. S. Larrés et M. A. LAcAssAGNE transmise 
par M. J. Perrin, Technique chimico- 
physique de détection du polonium injecté 
dans les organes. C. R. Acad. Sci. Paris 178, 
630-632 (1924). 

A. LAcASSAGNE and R. FERROoux, Nouvelle 
démonstration de Vabsence de _ fixation 
élective de |’émanation du radium sur les 
tissues cancéreux. C. R. Soc. Biol. 93, 1356- 
1358 (1925). 


A. LAGcASSAGNE et J. S. LArrés présentée par 
M. J. Perrin, Méthode auto-histo-radio- 
graphique pour la détection dans les organes 
du polonium injecté. C. R. Acad. Sci. Paris 
178, 488-490 (1924). 


A. LacassaGne, J. LAtrés and J. LAVEDAN, 
Etude expérimentale des effets biologiques 
du polonium introduit dans l’organisme. 


J. Radiol. Electrol. 9, 1-14 and 67-82 (1925). 


J. S. Larrés and A. Lacassacne, Elimina- 
tion du polonium injecté dans l’organisme. 
J. Radiol. 12, 16-19 (1928). 


A. LaAcAssAGNE and M. Servicne, Localiza- 
tion du polonium dans lorganisme en 
fonction de la nature de la solution injectée. 
J. Pharmacol. Chim. Ser. 8, 21, 145-151 
(1935). 


A. Lunp, Distribution of thallium in the 
organism and its elimination. Acta Pharmacol. 
Toxicol. 12, 251-259 (1956). 


A. Lunp, The effect of various substances 
on the excretion and the toxicity of thallium 
in the rat. Acta Pharmacol. Toxicol. 12, 
260-268 (1956). 


S. J. Lewis, The assimilation of aluminum 
by the human system. Biochem. J. 25, 
2162-2167 (1931). 


C. P. Lestonp, G. W. Wirkrinson, L. F. 
BELANGER and J. RosicHon, Radio-auto- 
graph visualization of bone formation in the 
rat. Amer. J. Anat. 86, 289-327 (1950). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 285 


R. C. Greurich and C. P. LEBLonp, 
Radioautographic visualization of radio- 
carbon in the organs and tissues of new born 
rats following administration of C! labeled 
bicarbonate. Anat. Rec. 115, 559-580 (1953). 


G. W. Leppicotte, Use of Neutron Activation 
Analysis to Determine Trace Elements in Human 
Tissue. Memos. to M. J. Cook, Oak Ridge 
National Laboratory. Unpublished data, 
5 March, 1958 and 22 April, 1958. 

S. Lewin, Possible control of radioactive 
strontium in bone. Lancet 272, 1251 (1957). 


W. C. Levin, j. E. Perry and T. G. 
BLocKER JR., Uptake, fate and excretion 
of sulfur-35 labeled L-methionine in the 
normal rat. J. Lab. Clin. Med. 48, 921 
(1956). 

E. W. Lone and S. K. Love, The Industrial 
Utility of Public Water Supplies in the United 
States 1952. I. States East of the Mississippi 
River. Geological Survey Water Supply, 
Paper 1299. 

G. P. LorGreen, M. Kierper and A. H. 
SmirH, Digestion and absorption of phos- 
phorus-32 labeled casein by the young calf. 
J. Nutrition 43, 401-412 (1951). 

J. M. LeGorr, Elimination du cobalt par 
le rein chez Vhomme. C. R. Soc. Biol. 97, 
21-22 (1927). 

M. V. L’Heureux, W. R. Tweepy and 
E. M. Zorn, Excretion of calcitum-45 by 
normal rats. Proc. Soc. Exp. Biol. Med. 71, 
729-32 (1949). 

M. V. L’Heureux, W. R. Twerepy and 
E. M. Zorn, Excretion of labeled calcium 
by normal and thyroparathyroidectomized 
rats. Fed. Proc. 7, No. 1 (1948). 

H. Lisco and W. E. Kusteveski, Fate and 
pathologic effects of plutonium metal im— 
planted into rabbits and rats. Amer. J. Path. 
29, 305-321 (1953). 

H. Lisco, A. M. Bruges, M. P. Finxer and 
W. GRuUNDHAUSER, Carcinoma of the colon 
in rats following feeding of radioactive 
yttrium. Cancer Res. 7, 721 (1947) (Abstract) 
or Quarterly Report for February 1947 through 
May 1947 of the Biology Division, MDDC- 
1418 p. 70. 


H. Lisco and M. P. Finxer, Observations on 
lung pathology following inhalation of 
radioactive cerium. Fed. Proc. 8, 360-361 
(1949). 


Li-4 


H. Lisco and M. P. Finket, Pathologic and 
carcinogenic effects of plutonium. Acta 
Int. Un. Cancer 6, 817 (1949) (Summary). 


W. F. Lipsy, Radioactive strontium fallout. 
Proc. Nat. Acad. Sci. 42, 365-390 (1956). 


W. F. Lipsy, Radioactive fallout and radio- 
active strontium. Science 123, 657-660 (1956). 


W. F. Lipsy, Current research findings on 
radioactive fallout. Proc. Nat. Acad. Sci. 
42, 945-962 (1956). 

W. F. Lippy, The Radioactive Fallout and 
Radioactive Strontium. Presented at North- 
western University, Evanston, Illinois, 19 
January, 1956. 

W. F. Lipsy, Radioactive Fallout. Presented 
before the Spring Meeting of the American 
Physical Society, Washington, D.C., 26 
April, 1957. 

W. F. Lipsy, Radioactive fall-out. 
Atomic Scientists 11, 256-260 (1955). 
W. F. Lipsy, 


Bull. 


Radioactive fallout. Proc. 


Nat. Acad. Sci. 43, 758-775 (1957). 
A. A. LitrLe, M. H. Power and E. G. 


WAKEFIELD, Absorption and excretion of 
iron. Ann. Int. Med. 23, 627-633 (1945). 


S. LayMAnovicu and P. H. Macnin, Total 
sulfhydryl content in normal] and vitiliginous 
human skin. J. Invest. Dermatol. 25, 79-81 
(1955). 

W. H. Lancuam, Metabolism of Plutonium 
in the Rat. AECD-1914 or LADC-472 (1946). 
W. H. LancHam, S. H. Bassett, P. S. 
Harris and R. E. Carrer, Distribution and 
Excretion of Plutonium Administered Intra- 
venously to Man, LA-1151 (1950). 


W. H. Lancuam, R. E. Carrer, E. Buscn, 
OQ. Jounson, V. Stronc. T. TRvuyjitxo, 
M. Vier, J. WeELLNITzZ and A. WILLIAMS, 
Relative Physiological and Toxicological Proper- 
ties of Americium and Plutonium, LA-1309 
(1951). 

W. H. Lancuam, Metabolism of Plutonium 
(ggPu?3®) Administered Intravenously to the Rat, 
MDDC-719 or LADC-222, (No date, 
declassified 18 February 1947) or J. Biol. 
Chem. 171, 273-283 (1947). 


W. H. Lancuam, Letter to M. J. Cook, 
23 February, 1956. 


W. H. Lancuam, Metabolism of Plutonium 
in the Rat. LA-549 (1946). 


286 


Ln-7 


Ln-8 


Ln-9 


Ln-10 


Ln-11 


Ln-12 


Ln-13 


Ln-14 


Ln-15 


Ln-16 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Minutes of the Laboratory and Medical Directors’ 
Meeting of USAEC, Los Alamos, 28-29 
September, 1950. 

W. H. Lancua and J. Z. Bowers, Proposed 
studies. of chronic toxicology of radium, 
plutonium and mesothorium using dogs; 
R. S. Grier, Studies on the metabolism of 
TNT. 

W. H. Lancuam, The Determination of 
Internal Radiation Exposure from Urinary and 
Fecal Excretion. Presented at the Meeting 
of the Health Physics Society in 1955, 
Columbus, Ohio. 

W. H. Lancuam and J. Storer, Toxicology 
of Actinium Equilibrium Mixture, AECD-3365 
(1952). 

W. H. Lancuam, Report on Harwell Conference 
on Human Monitoring in the Control of Occupa- 
tional Health Hazards in Atomic Energy, 8-9 
September, 1954, WASH-490. 

E. A. Prnson and W. H. LAncuam, Physio- 
logy and toxicology of tritium in man. 


J. Appl. Physiol. 10, 108-126 (1957). 


W. H. LanGcuam, Determination of inter- 
nally deposited radioactive isotopes from 


excretion analyses. Amer. Industr. Hyg. Assoc. 
Quart. 17, 305-318 (1956). 
K. T. Woopwarp, C. R. RicumMonp and 


W. H. LANGHAM, Measurement of Retention 
and Excretion of Radioisotopes of the Alkali 
Metals by Mice and Rats Using an Annular 
Liquid Scintillation Counter. Presented at the 


Health Physics Society Meeting 1957, 
Pittsburgh, Pennsylvania. 
W. H. LancHaAm and E. C. ANpDErRson, 


Strontium-90 and skeletal formation. Science 
126, 205-206 (1957). 

W. H. LancHam and E. C. ANDERSON, 
Potential Hazard of World-Wide Sr®° Fallout 


from Weapons Testing. Health Phys. 1, 105-124 


(1958). 

Los Alamos Scientific Laboratory, H-Division 
Annual Report of Research Activities, 1 December, 
1947 to 1 December, 1948, LAMS-815R 
(1949). 

H. Spano, W. Bitts and W. LaANnGHam, 
Distribution of plutonium in the skeleton 
of the rat pp. 108-116; 

W. Lancuam and H. L. Harpy, A report of 
plutonium assay of lung tissue from worker 
subjected to one year of minimal to moderate 
exposure pp. 137-139. 


Ln-17 


Ln-18 


Ln-19 


Ln-20 


Ln-21 


Ln-22 


Ln-23 


Lo-l 


Lo-2 


Lon-l 


Lor-l 


Lou-l 


E. C. Anperson, R. L. Scuucn, W. R. 
FisHER and W. LanGHaM, Radioactivity of 
people and foods. Science 125, 1273-1278 
(1957). 


W. H. Lancuam, Letter to M. J. Coox 
29 January 1957. 


W. H. Lancuam, The application of excre- 
tion analyses to the determination of body 
burden of radioactive isotopes pp. 95-113. 
Brit. J. Radiol. Suppl. No. 7 (The measurement 
of body radioactivity. Papers read at a 
conference held at Leeds on 16-17 April, 
1956). 


W. H. Lancuam, Letter to M. J. Coox 
29 November, 1957. 


W. H. Lancuam and E. C. ANDERSON, 
Cesium-137 biospheric contamination from 
nuclear weapons Health Phys. 2, 
30-48 (1959). 


J. B. Srorer, P. S. Harris, J. E. FURCHNER 
and W. H. Lancuam, The relative biologi- 
cal effectiveness of various ionizing radia- 
tions in the mammalian systems, Rad. Res. 6, 
188-288 (1957). 


W. H. Lancuam, Physiology and toxicology 
of plutonium and its industrial medical 
control. Health Phys. 2, 172-185 (1959). 


tests, 


B. V. A. Low-BrEr, Radio phosphorus and 
radio sodium. In Medical Physics (Edited by 
O. GLAssER) Vol. II, pp. 454-460. The Year 
Book Publishers, Chicago (1950). 


B. V. A. Low-Beer, R. S. Buais and N. E. 
ScorreLp, Estimation of dosage for intra- 
venously administered P®?. Calculation 
based on two compartment distribution of 
the isotope. Amer. J. Roentgenol. Ra. Therapy 
Nuc. Med. 67, 28-41 (1952). 


P. Lontre, Comment on the distribution of 
radiocalcium in the skeleton administered 
to adult rabbit. Rev. Belge Path. Méd. Exp. 
23, 118-125 (1953). 


G. H. Lowrey, W. H. Bermerwa ters, I. 
Lampe and H. J. GomBerc, Radioiodine 
uptake curve in humans—lII. Studies in 
children. Pediatrics, Springfield, 4, 627-633 
(1949). 


J. F. Loutrr and B. H. Kirman, Strontium- 
90 in man. Brit. Med. J. No. 5024, 943-944 
(1957). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 287 


Lov-l1 W. D. Love, R. B. Romney and G. E. 


Burcu, A comparison of the distribution of 
potassium and exchangeable rubidium in 
the organs of the dog, using rubidium-106. 
Circulation Res. 2, 112-122 (1954). 


W. D. Love and G. E. Burcu, A comparison 
of potassium-42, rubidium-86 and cesium- 
134 as tracers of potassium in the study of 
cation metabolism of human erythrocytes 
in vitro. J. Lab. Clin. Med. 41, 351-362 (1953). 


J. R. Lowry, R. R. BALpwin and R. V. 
HarrRINGTON, Uptake of radiozinc by 
normal and diabetic rat pancreas. Science 


119, 219-220 (1954). 


R. E. Lapp and H. L. AnprRews, Nuclear 
Radiation Physics (1st and 2nd Eds.). Prentice 
Hall, New York (1948, 1954). 


R. E. Lapp, Strontium-90 in man. Science 
125, 933-934 (1957). 
J. Werxet and E. Lorenz, Excretion of 


radium from the mouse. Radiology 51, 
865-870 (1948) or MDDC-1587. 


E. Lorenz, Radioactivity and lung cancer; 
a critical review of lung cancer in the miners 
of Schneeberg and Joachimsthal. J. Nat. 


Cancer Inst. 5, 1-15 (1944). 
J. W. Hottcrort, E. 


and C. C. ConcGpon, 
survival following X-irradiation 
irradiation of the alpha particles from radon 
and its decay products. J. Nat. Cancer Inst. 
15, 1059-1069 (1955). 

J. W. Hottcrort and E. Lorenz, Retention 
of radon by the mouse. I. Experimental 
determination of biodecay and _ energy 
absorbed. Nucleonics 5, No. 3, 63-71 (1949). 
J. W. Hottcrort and E. Lorenz, The 30- 
day LD; of two radiations of different ion 
density. J. Nat. Cancer Inst. 12, 533-544 
(1951). 


Lorenz, M. Marr- 
Long-term 
and the 


HEWS 


J. Bevurn and D. Laszio, Metabolism and 
removal of calcium-45 in man. Science 117, 
331-334 (1953). 


R. Lewin, H. E. Harr, J. GREENBERG, 
H. Spencer, K. G. STern and D. Laszto, 
Biological studies on stable and radioactive 
rare earth compounds. III. Distribution of 
radioactive yttrium in normal and ascites- 
tumor-bearing mice and in cancer patients 
with serous effusions. J. Nat. Cancer Inst. 
15, 131-143 (1954). 


Ls-3 


D. Laszio, D. M. Exstrein, R. Lewin and 
K. G. Srern, Biological studies on stable 
and radioactive rare earth compounds. 
I. On the distribution of lanthanum in 
mammalian organism. J. Nat. Cancer Inst. 
13, 559-573 (1952). 


H. E. Harr, J. Greenserc, R. Lewin, 
H. Spencer, K. G. Stern and D. Laszo, 
Metabolism of lanthanum and _ yttrium 
chelates. J. Lab. Clin. Med. 46, 182-192 
(1955). 


H. Spencer, M. Brotuers, E. Bercer, 
H. E. Harr and D. Laszxo, Strontium-85 
metabolism in man and effect of calcium 
and strontium excretion. Proc. Soc. Exp. 
Biol. Med. 91, 155-157 (1956). 


M. Brau, H. Spencer, J. SwerNov and 
D. Laszio, Utilization and _ intestinal 
excretion of calcium in man. Science 120, 


1029-1031 (1954). 


D. Laszxio, Biological studies on calcium, 
strontium, lanthanum and yttrium. Pro- 
ceedings of the International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 1955, 
Vol. X, pp. 62-67, P/212. United Nations, 
New York (1956). 

H. Spencer, D. Laszio and M. Broruers, 


Sr85 and Ca* metabolism in man. J. Clin. 
Invest. 36, 680-688 (1957). 


H. Spencer, E. Bercer and D. Lasz.o, 
Radiostrontium metabolism in man. Fed. 
Proc. 15, 175 (1956). 

M. Brau, H. Spencer, J. Swernov, J. 
GREENBERG and D, Lasz.o, Effect of intake 
level on the utilization and_ intestinal 
excretion of calcium in man. J. Nutrition 
61, 507-521 (1957). 


M. L. Cuarves, H. Spencer, A. GOLDMAN, 
S. Korman and D. Laszio, Metabolism 
and enhancement of radiostrontium ex- 
cretion in man. Fed. Proc. 15, 407-408 
(1956). 

G. Mazzvuout, J. SAMACHSON and D. LaszLo, 
Interrelationship between serum calcium 
levels: calcium-45 and strontium-85 meta- 
bolism in man. J. Lab. Clin. Med. 52, 
522-532 (1958). 


H. Spencer, J. SAMAcHsON, B. KABAKOW 
and D. Laszio. Factors modifying radio- 
strontium excretion in man. Clin. Sci. 


17, 291-301 (1958). 


288 


Ls-14 


Lt-l 


Lt-2 


Lt-3 


Lu-l 


Lui-l 


Lv-l 


Lw-l 


Lw-2 


Lw-3 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


A. R. Scuutert, E. A. Peets, D. LAszxo, 
H. Spencer, M. Cuarces and J. SAMACHSON 
Comparative metabolism of strontium and 
calcium in man. Int. J. Appl. Rad. Isotopes 4, 
144-153 (1959). 


N. N. Lirvinov, The morphologic changes 
in bone tissue in rats in acute radioactive 
strontium intoxication. Arkh. Patol. 18, 
No. 4, 81-88 (1956); Chem. Abstr. 50, 
14975 (1956). 


N. N. Lrrvinov, Morphological changes in 
the bones of rats affected by radioactive 
yttrium-91. Med. Radiol. 3, 41-50 (1958) 
(In Russian); Nucl. Sci. Abstr. 12, 9596 
(1958). 


N. N. Litvinov, Dynamics of the formation 
and development of bone sarcomas after 
damage by radioactive strontium and 
yttrium. Summaries of Papers Presented at the 
Conference on the Remote Consequences of Injuries 
Caused by the Action of Ionizing Radiation, 
Committee on Medical Radiology, Ministry 
of Health U.S.S.R., Moscow 1956. English 
translation pp. 47-50 (1957). 


R. E. Lurz, The normal occurrence of zinc 
in biologic materials: a review of the 
literature and a study of the normal dis- 
tribution of zinc in rat, cat and man. 


J. Industr. Hygiene 8, 177-207 (1926). 
J. R. Luicx, J. M. Bopa and M. K errr, 


Some biokinetic aspects of calctum meta- 
bolism in dairy cows. Amer. J. Physiol. 


189, 483-488 (1957). 


C. Levapit1 and Y. Manin, Répartition du 
tellure dans l’organisme; son élimination 
par les émonctoires. C. R. Soc. Biol. 95, 
652-655 (1926). 


M. Lawrenz, H. H. MircuHecy and W. A. 
Rutu, The comparative toxicity of fluorine 
in calcium fluoride and in cryolite. J. 
Nutrition 18, 115-125 (1939). 


M. Lawrenz and H. H. Mircuetrt, The 
effect of dietary calcium and phosphorus 
on the assimilation of dietary fluorine. 


J. Nutrition 22, 91-101 (1941). 


M. Lawrenz, H. H. Mircueryt and W. A. 
Ruru, The comparative assimilation of 
fluorine by growing rats during continuous 
and intermittent dosage. J. Nutrition 20, 
383-390 (1940). 


Lw-4 


Lx-l 


Ly-1 
Ly-2 


Lz-l 


Ma-l 
Ma-2 


Ma-3 


Mac-l 


Mac-2 


Mae-l 


Mae-2 


Mag-l 


M. Lawrenz and H. H. Mircuetr, The 
relative assimilation of fluorine from fluorine- 
bearing minerals and food (tea) and from 
water and food. J. Nutrition 22, 621-631 
(1941). 

H. Lux, The frequency of rare earths in 
animal bones. Z. Anorg. allgm. Chem. 240, 
21-30 (1938). 

D. E. Lyncu, NYOO-92 (1949). 


G. R. Lyncu, R. H. SLatrer and T. G. 
Oster, Determination of traces of lead in 
biological materials with special reference 


to bone. Analyst 59, 787-803 (1934). 


H. C. Lanz and J. D. Trerest, Metabolism 
of Short-Lived Air-Borne Fission Products, 
MDDC-954 or CH-2844 (1945). 


M. J. Coox, Unpublished data, ORNL. 


M. J. Coox, K. Z. MorcGan and A. G. 
Barkow, An experiment designed to test 
the validity of the current practice of using 
single exposure data to calculate maximum 
permissible concentration in water for 
continuous exposure to radioisotopes, Amer. 


J. Roentgenol. 75, 1177-1187 (1956). 


M. J. Cook, A Survey of the Characteristics of 
the Standard Man. ORNL unpublished data 
(September, 1948). 


A. R. Maass, F. C. Larson and E. S. 
Gorpon, Distribution in normal tissues of 
radioactive sulfur fed as labeled methionine 


J. Biol. Chem. 177, 209-216 (1949). 


R. E. Mancini and E. S. pe Lustic, The 
fixation of S*®° by connective tissue. C. R. 


Soc. Biol. 148, 1649-1650 (1954). 

R. E. Mancini and E. S. pe Lustic, Auto- 
radiographic investigation of the fixation 
of radioactive sulfur-35 by connective tissue. 
Rev. Soc. Arg. Biol. 39, 67-76 (1954); 
Chem. Abstr. 49, 2586 (1955). 

R. C. Turner, J. M. Rapiey and W. V. 
Mayneorp, Alpha-ray activities of humans 
and their environment, Nature, Lond. 181, 


518-521 (1958). 


R. C. Turner, J. M. Rapiey and W. V. 
MayneorbD, The naturally occurring alpha- 
ray activity of foods. Health Phys. 1, 268-275 
(1958). 

W. E. Macnuson and K. Drrrmer, Dis- 
tribution and excretion of magnesium in 


the rat using Mg?® tracer. Proc. Fed. Amer. 
Soc. Exp. Biol. 14, 249 (1955). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 289 


Mah-l R. H. Marsuak, R. A. NEwsBurRGER and 


J. Exrasopn, Skeletal lesions following 
internally administered radium. J. Amer. 
Med. Assoc. 160, 41-44 (1956). 


L. C. Martiarp and J. Errori, Titanium 
in the organs of man. C. R. Acad. Sci., Paris 
202, 1621-1622 (1936). 


L. C. Marmiarp and J. Errori, Titanium 
in the body of mammals. C. R. Acad. Sct., 
Paris 202, 1459-1461 (1936). 


L. C. Martiarp and J. Errort, Titanium 
in mammals but especially in man. C. R. 
Soc. Biol. 122, 951-954 (1936). 


L. C. Martiarp and J. Errori, Determina- 
tion of titanium in the organism by extrac- 
tion and photometry. C. R. Acad. Sci., 
Paris 202, 594-596 (1936). 


L. C. Mariiarp and J. Errori, Titanium 
as a new constituent of the human body. 


Bull. Acad. Méd. 115, 631-636 (1936). 


A. MaArIAKULANDAI and P. VENKATA- 
RAMAIAH, Biochemical study of fluorine 
intoxication. I. Etiology, prophylasis and 
cure; II. Metabolism of fluorine. Jndian J. 
Vet. Sci. 25, Pt. III 165-199 (1955). 


A. MAntTeGazza, Distribution of arsenic 
in the organism after intravenous injection 
of arsenious acid. Biochem. Terap. Sper. 
16, 153-159 (1929); Chem. Abstr. 23, 4975 
(1929). 


E. A. MARTELL, Absolute Assay of Strontium-90 
in Biological Materials, Soils, Waters and 
Air Filters, AECU-3262 (1956). 


E. A. Marte, Strontium-90 Concentration 
Data for Biological Materials, Soils, Waters and 
Air Filters, AE CD-3763 (1955. Revised 1957). 


M. M. Martin and G. WALKER, Rubidium- 
86 as a tracer of potassium in man. Nature, 
Lond. 181, 705-706 (1958). 


A. MarsHak, Radioactive phosphorus in 
studies on the metabolism of normal and 
neoplastic tissues. J. Clin. Invest. 28, 1324- 
1329 (1949). 


SHINNOSUKE MatTuurA, NoBUHIDE Koxkusu, 
SHOSUKE WATANABE and YAsuUSHI SAME- 
SHIMA, Fluorine content of animals. Mem. 
Fac. Sci. Kyushu Univ. Ser. C, 2, 81-93 
(1955). Chem. Abstr. 51, 582 (1957). 


Mau-l W. Maurer, A. Nikias and A. ENGELS, 


Permeability of the rat placenta for thorium 
ions with varying pregnancy periods. Z. Ges. 
Exp. Med. 115, 510-524 (1950). 


A. Encets, W. Maurer and A. NIKnas, 
Behavior of thorium in gravid and non- 
gravid rats. Z. Ges. Exp. Med. 115, 525-533 
(1950). 


A. Encers, W. Maurer and A. NIKLas, 
Thorium resorption in the reticuloendo- 
thelial system. Z. Ges. Exp. Med. 115, 
221-228 (1949). 


R. I. MaAKArycueva, Dynamics of the 
formation and development of experimental 
osteogenic sarcomas. Summaries of Papers 
Presented at the Conference on the Remote 
Consequences of Injuries Caused by the Action 
of Ionizing Radiation, Committee on Medical 
Radiology, Ministry of Health, U-.S.S.R., 
Moscow 1956. English translation pp. 45-46 
(1957). 


L. S. Maynarp and G. C. Corzias, The 
partition of manganese among organs and 
intracellular organelles of the rat. J. Biol. 
Chem. 214, 489-495 (1955). 


L. S. Maynarp and S. Fink, The influence 
of chelation on radiomanganese excretion 
in man and mouse. J. Clin. Invest. 35, 
831-836 (1956). 


A. Masturzo, Blood studies in intoxication 
experiments with uranium chloride. Folia 
med., Napoli 33, 748-759 (1950); Nuclear 
Sci. Abstr. 5, 5538 (1951). 


C. Mosss, J. B. Boatman, R. S. GeorGe and 
A. M. DeLacio, Toxicity of radioiodine and 
radiophosphorus in rats in doses comparable 
to those used clinically. Proc. Soc. Exp. Biol. 
Med. 79, 343-344 (1952). 


W. Macuze and E. J. LArcent, Absorption 
and excretion of fluoride. II. Metabolism 
at high levels of intake. J. Industr. Hygiene 
Toxicol, 25, 112-123 (1943). 


E. J. Larcent, W. Macure and I. F. 
FERNEAU, Fluoride ingestion and_ bone 
changes in experimental animals. J. Jndustr. 


Hygiene Toxicol. 25, 396-408 (1943). 


C. P. McCorp, W. G., FReperick and S. 
Stotz, The toxicity of silicon. J. Lab. 
Clin. Med. 23, 278-279 (1937). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


C. P. McCorp, S. F. Meek, G. C. HARROLD 
and C. E. Heussner, The physiologic 


properties of indium and its compounds. 


I. J. Industr. Hygiene Toxicol. 24, 243 (1942). 


G. C. Harrop, S. F. Meek, N. WHITMAN 
and C. P. McCorp, The physiologic 
properties of indium and its compounds. 
II. J. Industr. Hygiene Toxicol. 25, 233-237 
(1943). 


W. D. McE.roy and B. Grass (Editors), 
A Symposium on Copper Metabolism. Johns 
Hopkins Press, Baltimore (1950). 

C. L. Comar, The use of radioisotopes of 
copper and molybdenum in_ nutritional 
studies pp. 191-215; 

G. K. Davis, The influence of copper on the 
metabolism of phosphorus and molybdenum 
pp. 216-229; 

G. E. Cartwricut, Copper metabolism in 
human subjects pp. 274-314. 


W. D. McEtroy and B. Gtass (Editors), 
A Symposium on Phosphorus Metabolism Vols. 
I and II. Johns Hopkins Press, Baltimore 
(1952). W. D. Armsrronc, Phosphorus 
metabolism in the skeleton pp. 698-726. 


W. D. McE.roy and B. Gtass (Editors), 
A Symposium on Inorganic Nitrogen Metabolism 
Johns Hopkins Press, Baltimore (1956). 

A. T. Dicx, Molybdenum and _ copper 
relationships in animal nutrition pp. 445-473 
R. MclIsaac and E. Brince, Autoradio- 
graphic localization of injected isotopic zinc 
in the islets of the rat pancreas. J. Pharmacol. 
110, 38 (1954) (Abstract). 


E. C. McCracken, H. E. Essex and C. 
SHEARD, Effect produced in dogs by intra- 
venous injection of the disintegration pro- 
ducts of radon. Proc. Staff Meetings Mayo 
Clinic 12, 157—159 (1937). 


and A. S. McLean, 
Observations on the Metabolism of Soluble 
Uranium in Humans. IGO-R/R8. United 
Kingdom Atomic Energy Authority (1955). 


A. BUTTERWORTH 


C. H. Liv and C. M. McCay, Studies of 
calcium metabolism in dogs. J. Gerontol. 
8, 264-271 (1953). 


W. D. McNAtty, Silicon dioxide content 
of lungs in health and disease. J. Amer. 


Med. Assoc. 101, 584-587 (1933). 


Md-1 


N. S. MacDonatp, R. E. Nuspaum, R. 
Srearns, F. Ezmrrvian, C. McArtuur and 
P. Spain, Skeletal deposition of non-radio- 
active strontium. J. Biol. Chem. 188, 137-143 
(1951). 

R. H. Hopces, N. S. MacDona.p, R. E. 
NussBAuM, R. STEARNS, F. Ezmirwian, P. 
Spain and C. McArtuur, Strontium con- 
tent of human bones. J. Biol. Chem. 185, 
519-524 (1950). 

G. V. ALEXANDER, R. E. NusspAum and N. S. 
MacDonatp, Boron and lithium content 
of human bones. J. Biol. Chem. 192, 489-496 
(1951). 

N. S. MacDonatp, P. C. Spain, F. Ezmir- 
LIAN and D. E. Rounps, Effects of Calcium 
and Phosphate in Foods on Radiostrontium 
Accumulation, UQCLA-317 (1954). 

R. M. Hucues, N. S. MacDonarp, C. 
McArtuur, P. Spain, F. EzmrrciaAn and 
R. Nussaum, Strontium Content of Human Bones, 
UCLA-47 (1949). 

R. E. Nuspaum, N. SS. MacDona.p, 
G. V. ALEXANDER, F. EzmiriiaAn and P. 
Spain, Boron and Lithium Content of Human 
Bones, UCLA-129 (1951). 

N. S. MacDonatp, R. E. Nussaum, F. 
EzMmIRLIAN, R. C. BARBERA, G. V. ALEX- 
ANDER, P. Spain and D. E. Rounps, Gas- 
trointestinal absorption of ions. I. Agents 
diminishing absorption of strontium. J. 
Pharmacol. Exp. Therapeutics 104, 348-353 
(1952). 

N. S. MacDonatp, R. E. Nussaum, 
F. Ezmrruian, R. C. BARBERA, P. SPAIN 
and D. E. Rounps, Mechanisms in Skeletal 
Accumulation of Ions, UCLA-222 (1952) or 
Arch. Biochem. 43, 118-126 (1953). 

N. S. MacDonatp, F. Ezmir.ian, P. 
Spain and C. McArruur, Ultimate Site of 
Skeletal Deposition of Strontium and Lead. 
UCLA-96 (1950). 

S. L. Warren (Director), University of 
California, Los Angeles. Quarterly Progress 
Report for Period Ending 30 September 1953, 
UCLA-267. 

N. S. MacDona.p, F. Ezmrriian, P. Spain 
and D. E. Rounps, The mechanisms of 
skeletal deposition of metallic ions pp. 31-32. 
G. V. ALEXANDER, R. E. Nusspaum and 
N. S. MAacDona.p, Strontium and calcium 
in municipal water supplies. J. Amer. 
Water Works Assoc. 46, 643-654 (1954). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Md-12 G. V. ALEXANDER, R. E. NusBaum and 


N. S. MacDona.p, Relative Retention of 
Strontium and Calcium in Bone Tissue, UCGLA- 
337 (1955). 

G. V. ALEXANDER, R. E. Nusspaum and 
N. S. MacDonatp, Strontium and Calcium 
in Municipal Water Supplies, Their Occurrence 
and Removal, UCLA-293 (1954). 

N. S. MacDonatp, P. Noyes and P. C. 
Lorick, Discrimination of calcium and 
strontium by the kidney. Amer. J. Physiol. 
188, 131-136 (1957) or UCLA-369. 

N. S. MacDonatp, P. C. Sparn, F. Ezmir- 
LIAN and D. E. Rounps, The effects of 
calcium and phosphate in foods on radio- 
strontium accumulation. J. Nutrition 57, 
555-563 (1957). 

G. V. ALEXANDER, R. E. Nusspaum and 
N. S. MacDonatp, The relative retention 
of strontium and calcium in bone tissue. 


J. Biol. Chem. 218, 911-919 (1956). 


N. S. MacDona.p, R. E. Nusspaum, G. V. 
ALEXANDER, F. EzmiruiAn, P. Spain and 
D. E. Rounps, The skeletal deposition of 
yttrium. J. Biol. Chem. 195, 837-841 (1952). 


J. Merres and L. F. Wotrertnx, Uptake of 
radioactive iodine by the thyroids of under- 
fed rats. Science 111, 175-176 (1950). 


J. Meatey, Turn-over of carrier-free zir- 


conium-89 in Nature, Lond. 179, 
673-674 (1957). 

A. N. Maret, M. M. Saurov and G. D. 
LeBEDEVA. On the transmission of radio- 
strontium by nutritional chain from the 
opened reservoirs into the human organism. 


Med. Radiol. 3, 69-76 (1958) (In Russian 
with English abstract). 


W. S. McCrLettan and C. Comstock, 
Cutaneous absorption of radon from natur- 
ally carbonated mineral water and plain 
water baths. Arch. Phys. Med. 30, 29-36 
(1949). 


P. T. McCartruy, L. R. Cerecepo and 
E. V. Brown, The fate of thiamine-S®* in 
the rat. J. Biol. Chem. 209, 611-618 (1954). 
L. VAN Mippieswortu, Study of Plutonium 


Metabolism in the Bone, MDDC-1022 (No 
date, issued 6 June 1947), or BP-69. 


L. Van Mrppieswortn, Radioactivity in 
animal thyroids from various areas. Nucleo- 
nics 12, No. 9, 56-57 (1954). 


man. 


Mi-3 


291 


L. Van MippieswortH, Radioactivity in 
thyroid glands following nuclear weapons 
tests. Science 123, 982-983 (1956). 

L. VAN Mipp.eswortu and A. P. INroccra, 
Metabolism of dietary iodine as revealed by 
[131 balance studies. Metabolism 6, 1-17 
(1957). 

L. Van Mrpp.eswortnH, Iodine-131 in 
sheep before and after a nuclear reactor 
accident. Nature, Lond. 181, 256 (1958). 

L. vAN Mipp.eswortu, Iodine-131 fallout 
in bovine fetus. Science 128, 597-598 (1958). 
W. MInpDER and T. Gorponorr, A metabolic 
experiment with radioactive calcium. Ex- 
perientia 8, 71-72 (1952). 

S. M. Mr«Kwaitovicu, Some clinical and 
biochemical indications of the state of the 
animal organism at long intervals after 
injections of radiothorium. Summaries of 
Papers Presented at the Conference on the Remote 
Consequences of Injuries Caused by the Action 
of Ionizing Radiation, Committeee on Medical 
Radiology, Ministry of Health, U.S.S.R., 
Moscow 1956. English translation pp. 15-18 
(1957). 

R. F. Mitter and P. H. Puivurrs, Effect of 
age on the level and metabolism of fluorine 
in the bones of the -fluoridated rat. J. 
Nutrition 59, 425-433 (1956). 

A. S. Minot, Lead studies. A. The distribu- 
tion of lead in the organism after absorption 
by the gastrointestinal tract. J. Jndustr. 
Hygiene 6, 125-136 (1924). 

A. S. Minor, Lead studies. B. The distribu- 
tion of lead after absorption by the lungs 
and subcutaneous tissue. J. Jndustr. Hygiene 
6, 137-148 (1924). 

A. S. Minot, Lead studies. C. Distribution 
of lead in human organism. J. IJndustr. 
Hygiene 6, 149-158 (1924). 

A. S. Minot, The physiological effects of 
small amounts of lead: an evaluation of the 
lead hazard of the average individual. 
Physiol. Rev. 18, 554-577 (1938). 

J. McCrar, Manganese in hair. J. S. 
African Chem. Inst. 6, 18-19 (1923). 

D. A. Morken, Acute toxicity of radon. 
Amer. Med. Assoc. Arch. Industr. Hlth. 12, 
435-438 (1955). 

D. A. Morken, A Survey of the Literature on 
Biological Effects of Radon and a Determination 
af Its Acute Toxicity, UR-379 (1955). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


K. P. McConneti, Passage of selenium 
through the mammary glands of the white 
rat and the distribution of selenium in the 
milk proteins after subcutaneous injection 
of sodium selenate. J. Biol. Chem. 173, 
653-657 (1948). 

K. P. McConnett, Respiratory excretion 
of selenium studied with the radioactive 


isotope. J. Biol. Chem. 145, 55-60 (1942). 


K. P. McConne.t, D. M. Rortu and R. D. 
DALLAM, Partition of selenium-75 in the 
intracellular particulate matter of rat liver. 
Nature, Lond. 183, 183-184 (1959). 


K. Z. MorGan, Relative biological effectiveness. 
Presented at the Fifth Conference on Radia- 
tion Cataracts, Washington, D.C., 26, 
March 1953. 


K. Z. MorGan, Health control and nuclear 
research, Chap. VI. Oak Ridge National 
Laboratory, unpublished data (1950). 


A. M. Mircuett and S. J. Gray, Colori- 
metric Determination of Trace Amounts of 
Chromium in Tissue, AECU-779 (No date 
given). 

W. G. MircuHe tt, Influence of pH on toxicity 
of vanadium in mice. Proc. Soc. Exp. Biol. 


Med. 84, 404-405 (1953). 


J. B. Suretps, H. H. Mircueryi and W. A. 
Rutn, Relative retention by growing rats of 
lead ingested in water and food and the 
soluble and insoluble forms. J. Jndustr. 


Hygiene Toxicol. 22, 199-205 (1940). 


L. D. Marine, Personal communication; 
Letter to K. Z. Morcan, 19 April, 1950. 


H. O. Srncuer and L. D. Marine ut, 
Distribution of radioactive sulfur in the rat. 


Science 101, 414-415 (1945). 


L. D. Martinetur, W. P. Norris, P. F. 
Gustarson and T. W. Speckman, Transport 
of radium sulfate from the lung and its 
elimination from the human body following 
single accidental exposures. Radiology 61, 
903-913 (1953). 

P. F. Gusrarson and L. D. Marine.u, A 
spectrometric method for the study of radon 
partition in radium burdened animals. 
Radiology 65, 90-95 (1955). 

L. D. Marinevui, Dosage determination in 


the use of radioactive isotopes. J. Clin. 
Invest. 28, 1271-1280 (1949). 


Mn-6 


Mn-7 


L. D. Marinecir and J. M. Kenney, 
The absorption of radiophosphorus in 
irradiated and non-irradiated mice. Radiology 
37, 691-697 (1941). 

C. E. Mitcer and L. D. Marine.tu, 
Gamma-ray activity of contemporary man. 
Science 124, 122-123 (1956). 

C. E. Miiier and L. D. Martinetut, Cs!37 
Fallout: A Summary of Observations in Humans. 
Presented at the Radiation Research Society, 
Rochester 13-15 May, 1957, (p. 44 of 
abstracts). 

P. F. Gusrarson, L. D. MARrINELLI and E. A, 
Hatuaway, A case of accidental puncture 
contaminated with Th???. Radiology 68, 
358-366 (1957). 

C. E. Miniter, L. D. Marinecui and O. J. 
STEINGRABER, Analysis of the Cs!87 content 
in man due to radioactive fallout. Radiology 
68, 105 (1957) (Abstract). 


Mn-11 J. C. Reynotps, P. F. Gustrarson and L. 


Mn-12 


Mn-13 


D. Marineui, Retention and Elimination of 
Radium Isotopes Produced by the Decay of 
Thorium Parents within the Body. Calculations 
and Comparison with Experimental Findings, 
ANL-5689 (1957). 

L. D. Marinecui, Estimates of Bone Pathology 
to be Expected from Sr®°, ANL-5716 (1957). 
L. D. Marinetut, The Evaluation of the 
Maximum Permissible Ra Content in Drinking 
Water and in Air. Argonne National Labora- 
tory, unpublished data, 3 April, 1950. 


H. J. Morris and E. W. WALLACE, Storage 
of arsenic in rats fed a diet containing 


calcium arsenate and arsenic _ trioxide. 
J. Pharmacol. Exp. Therapeutics 64, 411-419 
(1938). 


W. Montracna and C. R. Hir1r, The 
localization of S*° in the skin of the rat. 
Anat. Rec. 127, 163-172 (1957). 


J. H. Moore and C. Tyter, Studies on the 
intestinal absorption and _ excretion of 
calcium and phosphorus in the pig. II. 
The intestinal absorption and excretion of 
radioactive calcium and phosphorus. Brit. 
J. Nutrition 9, 81-93 (1955). 


J. H. Moore and C. Tyter, Studies on the 
intestinal absorption and _ excretion of 
calcium and phosphorus in the pig. III. 
The effect of beryllium carbonate on the 
absorption of phosphorus. Brit. J. Nutrition 
9, 389-397 (1955). 


Mp-1l 


Mr-1 


BIBLIOGRAPHY FOR 


G. Moruzzi and P. Guarescui, Bromine 
content of the hypophysis. Boll. Soc. Ital. 
Biol. Sper. 11, 28-29 (1936); Chem. Abstr. 
30, 7649 (1936). 

Y. I. Moskatev and V. I. Srrew’rsova, 
Effects of chronic induction of radioactive 
cerium into the gastrointestinal tract of rats. 
Med. Radiol. 1, No. 6, 14-20 (1956) (In 
Russian); Nucl. Sci. Abstr. 11, 3283 (1957). 


V. I. Srrev’tsova and Y. I. MoskALev, 
Remote effects of single doses and chronic 
uptake of radioactive isotopes (Cel, Rul, 
Sr8° and Sr®) by the gastrointestinal tract. 
Med. Radiol. No. 3, 23—34 (1957) (In Russian) 
Nucl. Sci. Abstr. 11, 9930 (1957). 


D. I. Inin and Y. I. Moskatev, On the 
metabolism of caesium, strontium and a 
mixture of /-emitters in cows. Atomnaya 
Energiya 2, No. 2, 163 (1957) (In Russian). 
Translated in J. Nucl. Energy 5, 413-420 
(1957). 

V. I. Srrev’rsova and Y. I. MoskALev, 
Remote consequences of single and chronic 
intake of radioactive isotopes (Ce!*, Rul 
and Sr5%%) and of a mixture of beta 
emitters through the gastrointestinal tract. 
Summaries of Papers Presented at the Conference 
on the Remote Consequences of Injuries Caused 
by the Action of Ionizing Radiation, Committee 
on Medical Radiology, Ministry of Health, 
U.S.S.R., Moscow 1956. English translation 
pp. 36-37 (1957). 

G. W. Monrer-Wituiams, Trace Elements 
in Food. John Wiley, New York (1949). 

P. Mascuerpa, Die ausscheidung des 
nickels und des kobalts. Arch. Exp. Pathol. 
Pharmakol. 124, 356-369 (1927). 

J. C. Aus, R. D. Evans, L. H. HEMPELMANN 
and H. S. Marrianp, Late effects of 
internally-deposited radioactive materials 
in man. Medicine 31, 221-329 (1952). 


H. S. Martianp and R. E. Humpnries, 
Osteogenic sarcoma in dial painters using 
luminous paint. Amer. Med. Assoc. Arch. 


Pathol. 7, 406-417 (1929). 


H. S. MARTLAND, P. Conton and J. P. KNEF 
Unrecognized dangers in use and handling 
of radioactive substances: with especial 
reference to storage of insoluble products of 
radium and mesothorium in_ reticulo- 
endothelial system. J. Amer. Med. Assoc. 
85, 1769-1776 (1925). Abstracted in Proc. 


BIOLOGICAL DATA 293 


N.Y. Pathol. Soc. N.S. 25, Nos. 6-8, 88-92 
(1925). 
H. S. MartTLanp, Histopathology of certain 


anemias due to radioactivity. Proc. N.Y. 
Pathol. Soc. N.S. 26, Nos. 1-5, 65-72 (1926). 


H. S. MARTLAND, Occurrence of malignancy 
in radioactive persons. Amer. J. Cancer 15, 
2435-2516 (1931). 


H. S. Mart.anp, Occupational poisoning 
in manufacture of luminous watch dials. 
J. Amer. Med. Assoc. 92, 466-473 (1929); 
92, 474-559 (1929). 

G. S. Rerrrer and H. S. MarrLanp, 
Leucopenic anemia of the regenerative type 
due to exposure to radium and mesothorium. 


Amer. J. Roentgenol. 26, 161-166 (1926). 
H. S. MartTLanp, Microscopic changes of 
certain anemias due to radioactivity. Arch. 


Pathol. Lab. Med. 2, 465-472 (1926). 


H. S. Marrianp, Occupational tumors— 
Bones. Occupation and Health pp. 1-23. 
International Labor Office (1939). 


A. MoscarieLto, Note sperimentali sul 
polonio introdotto nel organismo umano. 
Radiol. Med. 14, 317-325 (1927). 

P. A. Marttis, Toxicological Studies of Certain 
Thorium Salts, NYO-1607 (1950). 

P. R. SALERNO and P. A. Martis, Absorp- 
tion and distribution of thorium nitrate. 
J. Pharmacol. Exp. Therapeutics 101, 31-32 
(1951) (Abstract). 

F. J. McCvurg, A review of fluorine and its 
physiological effects. Physiol. Rev. 13, 277- 
300 (1933). 

I. Zipxin and F. J. McCuure, Deposition 
of fluorine in the bones and teeth of the 
growing rat. J. Nutrition 47, 611-620 (1952). 


F. J. McCture, Fluorine in foods. Survey 
of recent data. Publ. Hlth. Rep. 64, 1061-1074 
(1949) or Reprint No. 2955. 


F. J. McCrure, Mineral metabolism. 
Ann. Rev. Biochem. 18, 335-354 (1949). 


F. J. McCrure, H. H. Mircuentz, T. S. 
Hamitton and C. A. Kinser, Balances of 
fluorine ingested from various sources of 


food and water by five young men. J. 
Industr. Hygiene Toxicol. 27, 159-170 (1945). 


Muh-l J. C. Munter and D. A. Wepp eg, Fluorine 


storage in rats receiving different fluorides 
in the drinking water at varying pH. J. 
Dent. Res. 34, 895-899 (1955). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


D. A. Weppte and J. C. MunLer, Meta- 
bolism of small concentrations of fluorine 
in the albino rat. J. Dent. Res. 34, 900-909 
(1955). 

H. Mutu and A. Scuraus, A new case of 
industrial radium poisoning with fatal result, 
Strahlentherapie 102, 575-581 (1957) (In 
German); Nucl. Sci. Abstr. 11, 8814 (1957). 


H. Muru, A. ScuHraus, K. AurAND and 
H. J. Hanrke, Measurements of normal 
radium burdens. Measurement of body 
radioactivity. Brit. J. Radiol. Suppl. No. 7. 
(Papers read at a conference held at Leeds 
on 16-17 April, 1956 pp. 54-66). 


B. Rayewsky, H.-J. HAnrke and H. Mutu, 
Age dependence of the natural radium 
content. Z. Naturf. 13b, 474-475 (1958). 


H. Mutu, Investigations on the problem of 
radium poisoning—VII. The excretion of 


radioactive substances from the animal 
body during the first week after inoculation. 
Strahlentherapie 94, 126-136 (1954). 


B. Rayewsky and H. Murn. On the pro- 
blem of radium poisoning—VI. ‘The excre- 
tion of radioactive materials from the 
human body. Strahlentherapie 88, 261-275 
(1952). 

C. A. Mawson and M. I. Fiscner, Zinc 
content of the genital organs of the rat. 
Nature, Lond. 167, 859-860 (1951). 


C. A. Mawson and M. I. Fiscuer, Estimation 
of Radioactive and Other Fission 
Products in Water, CQRM-455 
(No date). 


Cc. A. Mawson and M. I, Fiscuer, The 
occurrence of zinc in the human prostate 
Canad. J. Med. Soc. 30, 336-339 


Strontium 


Urine and 


gland. 
(1952). 
C. A. Mawson and M. I. Fiscuer, Carbonic 
anhydrase and zinc in the prostate glands 
of the rat and rabbit. Arch. Biochem. Biophys. 
36, 485-486 (1952). 

C. A. Mawson, Personal communication 
to K. Z. Morcan, | October, 1952. 


C. A. Mawson and M. I. Fiscuer, Occur- 
rence of zinc and carbonic anhydrase in the 
intestine and prostate of the rat and other 
animals. Congr. Intern. Biochem., Deuxiéme 
Congr., Paris. 145-146 (1952); Chem. Abstr. 
49, 8448 (1955). 


Mx-l 


Mx-2 


A. L. Moxon and M. Rutan, Selenium 
poisoning. Physiol. Rev. 23, 305-337 (1943). 


H. D. ANnpDERson and A. L. Moxon, The 
excretion of selenium by rats on a seleniferous 
wheat ration. J. Nutrition 22, 103-108 
(1941). 


K. W. FRAnKE and A. L. Moxon, The 
toxicity of orally ingested arsenic, selenium, 
tellurium, vanadium and molybdenum. 
J. Pharmacol. Exp. Therapeutics 61, 89-102 
(1937). 


M. Rutan and A. L. Moxon, Chronic 
selenium poisoning in dogs and its preven- 
tion by arsenic. J. Pharmacol. Exp. Thera- 
peutics 78, 249-264 (1943). 


A. L. Moxon, K. P. DuBots and R. L. 
Potrer, Toxicity of optically inactive, 
d- and l-selenium cystine. J. Pharmacol. 


Exp. Therapeutics 72, 184-195 (1941). 


V. C. Myers and D. B. Morrison, The 
influence of the administration of aluminum 
upon the aluminum content of the tissues 


of the dog. J. Biol. Chem. 78, 615-625 (1928). 


V. C. Myers and J. W. Mutt, Aluminum 
content of human autopsy tissue. J. Biol. 
Chem. 78, 625-626 (1928). 


V. Myers and J. W. Mutt, Influence of 
the administration of aluminum upon the 
aluminum content of the tissue and upon 
the growth and reproduction of rats. 
J. Biol. Chem. 78, 605-613 (1928). 


V. C. Myers and D. B. Morrison, The 
influence of the administration of aluminum 
upon the aluminum content of the tissues 


of the dog. J. Biol. Chem. 78, 615-624 (1928). 


H. M. Myers, Location of radiocalcium in 
the mandibular incisor and adjacent struc- 
tures of the rat. J. Dent. Res. 34, 217-224 
(1955). 

H. M. Myers, Comparative turnover rate 
of P®? in normal and deficient rats’ teeth 
and bones during recovery from phosphorus 
deficiency. J. Dent. Res. 34, 225-229 (1955). 
C. W. Mays Jr., Escape of Radon and Thoron 
when Produced in Bone (Thesis), COO-216 
(1958). 

C. W. Mays, D. H. Taysum, W. FisHer and 
B. W. Gtap, Bremsstrahlung counting of 
Sr® injected dogs, Health Phys. 1, 282-287 
(1958). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


K. MacKenzie, Biochemistry of aluminum. 
I. Effect of aluminum on growth and 
reproduction in rat; occurrence of alum- 
inum in thyroid; intestinal absorption of 
aluminum. Biochem. J. 26, 833-845 (1932). 


K. MacKenzig, Biochemistry of aluminum. 
II. Excretion and absorption of aluminum 
in the rat. Biochem. J. 25, 287-291 (1931). 


K. MacKenzr, Biochemistry of aluminum 
I. Excretion and absorption of aluminum 
in the pig. Biochem. J. 24, 1433-1441 (1930). 


G. L. Naropt, Localization of carbon-14 
in the tissues of mice after administration of 
carbon-14 labeled glycine. Science 111, 
362-363 (1950). 

G. L. Narpt, The distribution and excretion 
of carbon-14 in the tissues of mice after 
administration of carbon-14 methyl labeled 
glycine. Amer. J. Roentgenol. 70, 613-616 
(1953). 

G. L. Narpti, Distribution and dosage of 
radiocarbon in the tissues. Amer. J. Roentgenol. 
67, 989-990 (1952). 

J. B. Nemanps, F. M. Srronc and C. A. 
E.veHyeM, Molybdenum in nutrition of 
the rat. J. Biol. Chem. 172, 431-439 (1948). 


A. Noruacen and E. Opesiap, Uptake 
of radiosulfate in the islets of langerhans of 
mice. Arch. Biochem. Biophys. 54, 562-563 
(1954). 

E. R. Russevx and J. J. Nicxson, Distribution 
and Excretion of Plutonium in Two Human 
Subjects, GH-3607 (1946). 

J. J. Nickson, R. Ferretti and S. T. 
CantTRIL, ANL-4190 (1948). 


J. J. Nickson (Editor), Symposium on Radio- 


biology. Basic Aspects of Radiation Effects 
on Living Systems. John Wiley, New York 
(1952). 


A. L. 
Normal values. 


87-91 (1944). 


D. H. Namark, Effective Half Life of Polonium 
in the Human, MLM 272 (1949). 


N. Netson, E. D. Patmes, C. R. Park, 
P. P. WeymoutH and W. B. Bean, The 
absorption, excretion and_ physiological 
effect of iodine in normal human subjects. 
J. Clin. Invest. 26, 301-310 (1947). 


III. 
108, 


NiELson, On serum copper: 
Acta Med. Scand. 


No-l 


295 


W. P. Norris and W. E. _ KiusIELEskI, 
Comparative metabolism of radium, stron- 
tium and calcium. Cold Spring Harbor Symp. 
Quant. Biol. 13, 164-172 (1948). 


W. P. Norris and B. J. LAwRENcE, Studies 
with calcium-45. Meeting of the Bio-Medical 
Program Directors of the U.S.A.E.C., 28-29 
May, 1951, Argonne National Laboratory. 


W. P. Norris and H. B. Evans, Studies of the 
Metabolism and Toxic Action of Injected Radium, 
CH-3852 (1946), or AECD-1965. 


W. P. Norris and B. J. LAwRENcE, Deter- 
mination of calcium in biological materials. 
A combined method for semimicrodeter- 
mination of calcium-40 and calcium-45. 
Analyt. Chem. 25, 956-960 (1953). 


W. E. Kusreteskt, W. G. FARAGHAN and W. 
P. Norris, Retention and Distribution of U8 
in Mice, AECD-3057 (1950). 


W. P. Norris, Metabolism of bone-seeking 
elements. Conference on Biological Applications 
of Nuclear Physics, Brookhaven National Labora- 
tory, BNL-C-4, pp. 78-79 (1948). 


W. P. Norris, T. W. SpecKMAN and P. F. 
GusTAFSON, Studies of the metabolism of 
radium in man. Amer. J. Roentgenol. 73, 
785-802 (1955). 


W. E. Kusteceski, W. G. FARAGHAN, W. P. 
Norris and J. S. Arnotp, The metabolism 
of U33 in mice. J. Pharmacol. Exp. Thera- 
peutics 104, 459-467 (1952). 


W. P. Norris, S. A. TyLer and A. M. BRuEs, 
Use of the power function in calculations 
involving the metabolism of radioactive 
bone-seekers. Science 128, 456-462 (1958). 


Fourth Conference on Radiation Cataracts under 
the auspices of the National Research 
Council, Division of Medical Science for 
the U.S. Atomic Energy Commission, 
28 February, 1953. 


Compilations of Nuclear Data Group, NRC, 
Washington 25, D.C. (1) NBS Cir. 499, 
1950; (2) Supp. 1, April 1951; (3) Supp. 
2, Nov. 1951; (4) Supp. 3, June 1952; (5) 
Annual cumulations of Nuclear data con- 
tained in Nuclear Sci. Abstr. issues 24B of 
Vols. 6-11 for the years 1952-1957, resp.; 
(6) Nuclear-Level Schemes (A = 40—A = 
92), TID-5300, 1955. 


Nw-l 


Ny-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


T. R. Noonan, W. O. FENN and L. HAEGE, 
Distribution of injected radioactive potas- 
sium in rats. Amer. J. Physiol. 132, 474-488 
(1941). 

W. F. Neuman, Deposition of Uranium in Bone, 
AECD-2019 (1948). 


W. F. Neuman, M. W. Neuman, E. R. MAIn 
and B. J. Mutryan, Deposition of Uranium 
in Bone, AECD-1915 (1948). 


W. F. Neuman, Distribution and excretion 
of uranium following intravenous injection. 
Fed. Proc. 6, 360 (1947). 

W. F. Neuman, The use of isotopes in the 
study of skeletal physiology and metabolism. 
International Conference on Peaceful Uses of 
Atomic Energy, Geneva, August 1955 Vol. XI, 
pp. 134-137, Paper No. P/847. 

W. F. Neuman, J. B. Hursu, E. S. Boyp 
and H. C. Hopce, On the Mechanism of 
Skeletal Fixation of Radium, UR-365 (1954). 
M. W. Neuman and W. F. Neuman, Deposi- 
tion of uranium in bone. II. Radioauto- 
graphic studies. J. Biol. Chem. 175, 711-716 
(1948). 


J. K. Scorr, W. F. Neuman and R. ALLEN, 
The effect of added carrier on the distribu- 
tion and excretion of soluble beryllium-7. 


J. Biol. Chem. 182, 291-298 (1950). 

W. F. Neuman, R. W. Fremine, A. L. 
Dounce, A. B. Carson, J. O'LEARY and 
B. Mutryan, Distribution and excretion 
of injected uranium. J. Biol. Chem. 173, 
737-748 (1948). 

P. S. Cuen Jr. and W. F. Neuman, Renal 
excretion of calcium by the dog. Amer. 
J. Physiol. 180, 623-631 (1955). 

W. F. Neuman, Urinary uranium as a 
measure of exposure hazard. Industr. Med. 
Surg. 19, 185-191 (1950). 

H. B. Newcompe, Magnitude of biological 
hazard from strontium-90. Science 126, 
549-551 (1957). 

O. Nycaarp, L. Exvpjarn and K. F. 
NAKKEN, Studies on the metabolism of 
thioacetamide-S** in the intact rat. Cancer 
Res. 14, 625-628 (1954). 

C. NuNez and R. E. Mancini, The incor- 
poration of S** in the form of sodium sulfate 
in various animal tissues. International Con- 
Serence on the Peaceful Uses of Atomic Energy, 
Geneva, August 1955 Vol. XII, pp. 447-460, 
Paper No. P/1031. 


Nz-2 


C. NuNez and R. E. Mancini, Comparative 
study of the incorporation of S*5 by tissues 
of adult rats, both as sodium sulfate and as 
pi-methionine. International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 
August 1955 Vol. XII, pp. 461-465, Paper 
No. P/1032. 

T. H. Opprr, Analysis of radioiodine uptake 
and excretion curves. Brit. J. Radiol. 22, 
261-267 (1949). 

T. H. Oppre and R. K. Scort, Results of 
uptake and excretion tests with radio-iodine. 
Brit. J. Radiol. 23, 348-354 (1950). 

T. H. Opvpre, I. Mescuan and J. T. Wor- 
THAN, Thyroid function assay with radio- 
iodine. I. Physical basis of early phase of 
iodine metabolism and iodine uptake. 
J. Clin. Invest. 34, 95-105 (1955). 

T. H. Opvprr, I. Mescuan and J. T. Wor- 
THAN, Routine calculation of thyroidal and 
renal rate factors. J. Clin. Invest. 34, 106-114 
(1955). 

T. H. Oppre, I. Mescuan and J. T. Wor- 
THAN, Thyroid function assay with iodine- 
131. J. Clin. Invest. 34, 1044-1055 (1955). 
H. Overkamp, Removal of intravenously 
injected iron from the circulation. Z. Ges. 
Exp. Med. 120, 86-95 (1952) (In German) ; 
Chem. Abstr. 47, 7073g (1953). 

TAKAWO Ontsu, The determination of 
potassium and sodium content in various 
normal human organs. Japan. J. Med. Sci. & 
Biol. 9, 117-120 (1956). 

H. Oxumo, N. IKARIYAMA and Y. Uzumasa, 
Chemical investigations of hot springs in 


Japan. J. Chem. Soc. Japan 59, 853-859 


(1938); Chem. Abstr. 32, 7171 (1938). 

T. T. Ope i Jr., F. G. Tauscne and W. D. 
Gupe, Uptake of radioactive sulfate by 
elements of the blood and the bone marrow 
of rats. Amer. J. Physiol. 180, 491-494 (1955). 
H. 'T. Ovum, The Biogeochemistry of Strontium. 
Dissertation presented in partial fulfillment 
of the requirements for the Doctor of 
Philosophy degree, Yale University, 1 
September, 1950. 

H. T. Ovum, The stability of the world 
strontium cycle. Science 114, 407-411 (1951). 
H. T. Opum, Strontium in Florida Waters. 
Water Survey and Research Paper No. 6. 
Chemical Character of Florida’s Waters 1951. 
Florida State Board of Conservation, Divi- 
sion of Water Survey and Research (1951). 


Op-1 


Or-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


D. F. Oppyke and I. Crarx, Plasma 
half-life of sodium-22 in dogs. Proc. Soc. Exp. 
Biol. Med. 88, 207-209 (1955). 


C. R. Orr, G. D. Poporr, R. S. RosEDALE 
and B. R. STEPHENSON, Study of effect of 
thorium dioxide sol injected in rabbits. 
Radiology 30, 370-381 (1938). 


VON OETTINGEN, The absorption distribution 
and excretion of bismuth. Physiol. Rev. 10, 
221-281 (1930). 

W. J. Overman, W. H. Gorpon and G. E. 
Burcu, Tracer studies of the urinary excre- 
tion of radioactive mercury following oral 
administration of a mercurial diuretic. 
Circulation 1, 496-501 (1950). 


E. Panter, E. Russevy, C. L. Prosser and 
M. N. Swirt, Clinical Physiology of Dogs 
Injected with Plutonium, CH-3858 (1946). 

E. P. Patnrer, The chemistry and toxicity 
of selenium compounds. Chem. Rev. 28, 
179-213 (1941). 

E. Patnrer, E. Russert, C. L. PRosser, 
M. N. Swirt, W. Kusteveski and G. SACHER, 
Clinical Physiology of Dogs Injected with 
Plutonium, AECD-2042 (1946). 

PaGetT, LANGERON and Devrienpt, Distri- 
bution and elimination of bismuth in the 
body. J. Pharm. Chimie 15, 600-608 (1932). 


F. R. Mraz and H. 
factors controlling the excretory pattern of 
potassium-42 and _ cesium-134 in rats. 
J. Nutrition 61, 535-546 (1957). 

F. R. Mraz and H. Parrick, 
controlling excretory pattern of potassium 
(K-42) and cesium (Cs-134) in rats. Fed. 
Proc. 15, 565 or abstract 1841 (1956). 


Patrick, Organic 


Factors 


J. J. Prnagian, J. A. Bacon, F. R. Mraz and 


H. Parricx, Relation of fluorine to meta- 
bolism of sulfur-35 and related factors. 
Fed. Proc. 15, 569-570 or Abstract 1857 
(1956). 

F. R. Mraz and H. Parrick, 
influencing excretory patterns of cesium-134, 
potassium-42 and rubidium-86 in rats. 
Proc. Soc. Exp. Biol. Med. 94, 409-412 (1957). 
L. G. Wu.iraMs and H. Parrick, Metabolism 
of cesium-134 in rabbits. Arch. Biochem. 
Biophys. 70, 464-468 (1957). 

R. F. Patmer and F. B. Queen, Normal 
Abundance of Radium in Cadavers from the 
Pacific Northwest, HW-31242 (1956). 


Factors 


297 


Pal-2_ R. F. Parmer, F. B. Queen and H. A. 


Ph-l 


KornBERG, Normal Abundance of Radium 


in Cadavers from the Pacific Northwest. Abstracts 
of Papers, American Chemical Society, 
125th Meeting, 24 March—1 April 1954, 
Kansas City, Missouri, Paper No. 48, p. 20c. 


R. Castracnou, C. PAaovetti and S. LARCE- 
BEAU, Absorption and distribution of barium 
administered intravenously and orally in 
the rat. C. R. Acad. Sci., Paris 244, 2994-2996 
(1957). 


J. C. Paterson, Studies on the toxicity of 
inhaled cadmium. J. Industr. Hygiene Toxicol. 
29, 294-301 (1947). 

M. N. Swirt and C. L. Prosser, Excretion, 
Retention, Distribution and Clinical Effects of 
Sr8® in the Dog. 1. Report on Experimental Work, 
CH-3843 (1947) or MDDC-1388. 

L. PropAn, Cadmium poisoning. I. History 
of cadmium poisoning and use of cadmium. 
J. Industr. Hygiene Toxicol. 14, 132-155 
(1932). 

L. Propan, Cadmium poisoning. II. Experi- 
mental cadmium poisoning. J. Jndustr. 
Hygiene Toxicol. 14, 174-196 (1932). 

C. Precuer, Biological investigations with 
radioactive calcium and_ strontium. J. 
Appl. Phys. 12, 318-319 (1941). 

C. Pecuer, Biological investigations with 
radioactive calcium and strontium. Proc. 


Soc. Exp. Biol. Med. 46, 86-91 (1941). 


K. Pearson, Tables for Statisticians and Bio- 
metricians Part I (3rd Ed.) pp. 58-61. Cam- 
bridge University Press, London (1930). 

K. Pearson (Editor), Tables of the Incom- 
plete y-function. Cambridge Press, London 
(1946). 

I. K. Perrovicu, Changes in the blood 
picture in animals at long intervals after 
introduction of radioactive substances into 
the organism. Summaries of Papers Presented 
at the Conference on the Remote Consequences of 
Injuries Caused by the Actionof Ionizing Radiation, 
Committee on Medical Radiology, Ministry of 
Health, U.S.S.R., Moscow 1956. English 
translation pp. 9-11 (1957). 

J. Katz, H. A. Kornperc and H. M. 
PARKER, Absorption of Plutonium Fed Chronically 
to Rats. I. Fraction Deposited in Skeleton and 
Soft Tissues Following Oral Administration 
of Solutions of Very Low Mass Concentration. 
HW-28991 (1953). 


298 


Ph-2 


Ph-3 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


H. M. Parker, Letter to M. J. Coox, 8 
April 1954. 

H. M. Parker (Director), HW-30488 
(1954). 

M. H. Weeks, W. D. Oaktey, R. F. 
PALMER and R. C. THompson, Plutonium 
absorption and metabolism pp. 9-10; 
R. C. Tuompson, J. E. BaLLou and O. L. 
Ho us, Tritium absorption and metabolism 
pp. 10-11; 

L. A. Grorce, S. Marks, P. L. Hackett, 
N. L. Docxum, C. M. Barnes and L. K. 
Bustap, Toxicology of I?!-low-level chronic 
effects pp. 13-14. 

H. M. Parker, Memo. to K. Z. MorGan, 
2 December, 1955. 

H. M. Parker (Director), Biology Research 
Annual Report 1951, Hanford Atomic Products 
Operation, HW-25021. 

C. W. DeLonc, Percutaneous absorption 
of tritium and tritium oxide pp. 53-61; 
R. C. Tuompson and J. E. BALLou, Retention 
and distribution of tritium in the mouse and 
rat pp. 62-72; 

G. N. Smiru, R. J. Emerson, L. A. TEMPLE 
and T. W. Garsrarru, The oxidation of 
tritium by the rat pp. 73-82; 


J. Karz, Low-level chronic plutonium 


absorption and deposition in the rat pp. 
95-99 ; 

L. K. Bustrap, K. E. Herve, D. E. WARNER 
and H. A. Kornserc, Toxicity of I'*! in 
sheep. I. General (preliminary report) 
pp. 139-159; 

S. Marks, N. L. Docxum and L. K. Busrap, 
Toxicity of I'*! in sheep. III. Histopathology 
of the thyroid pp. 170-185; 

P. L. Hackett, T. GALBrairu, C. BENNETT 
and L. K. Busrap, Toxicity of I'*! in sheep. 
IV. Changes in blood constituents; 

R. F. PALMER and W. H. BrayMen, Analysis 
for radium in humans pp. 204-210. 

H. M. Parker (Director), Biology Research 
Annual Report 1952, Hanford Atomic Products 
Operation, HW-28636. 

G. N. Surrn, L. A. Tempe, R. J. Emerson 
and T. W. GaAcsrairu, The metabolism of 
tritium gas in the rat pp. 43-51; 

C. W. DeLonec, R. C. THompson and H. A. 
KornsBerG, Percutaneous absorption of 
tritium and tritium oxide pp. 52-58; 
R. C. Tuompson and J. E. BALtou, Long- 
term retention of tritium in the rat and 
sheep pp. 59-67; 


R. C. THompson and J. E. BALLou, Com- 
parative metabolism of deuterium and 
tritium in the rat pp. 67-71; 

J. Karz and H. A. Kornserc, Absorption 
and deposition in the skeleton and soft 
tissues of the rat of plutonium fed chronically 
as solutions of very low mass concentration 
pp. 78-84; 

L. K. Busrap, D. E. Warner and H. A. 
KornserG, Toxicity of I'*! in sheep. V. 
General (low-level chronic effects) pp. 136- 
147; 

C. M. Barnes, D. E. WARNER, S. MARKs 
and L. K. Busrap, Toxicity of I! in sheep. 
VII. Age of initial fetal thyroid function, 
pp. 155-162; 

R. F. PALMER and W. H. BrayMen, Analysis 
for radium in humans p. 186. 


E. A. Pinson, E. C. ANDERSON and V. Lotz, 
The Specific Activity of Tritium in the Organic 
Components of the Skin and Fat of Man Following 
Eight Months’ Chronic Exposure to HTO in 
Body Fluids, LA-1468 (1952). 


E. A. Pinson, Incorporation of Tritium into 
the Organic Components of Various Tissues 


of the Mouse, LA-1467 (1951). 


E. A. Pinson and E. C. AnpEerson, The Body 
Absorption, Distribution and Excretion of Tritium 
in Man and Animals, LA-1218 (1951). 


E. A. Pinson, Absorption of Liquid HTO and 
HTO Vapor through the Skin of Man, LA-1466 
(1952). 


E. A. Pinson, Theoretical Considerations of 
Acute Exposure of Man to HTO or T,O Activity 
in the Atmospheric Environment, LA-1469 
(1952). 


E. A. Pinson, Absorption of Ingested Tritium 
Water and the Water Dilution Volume of Man, 
LA-1464 (1952). 


E. A. Pinson, Lung Absorption of HTO by 
Man upon Inspiration of HTO Water Vapor, 
LA-1465 (1952). 


I. A. PiGAtev, Effects of radioactive stron- 
tium on organisms. Med. Radiol. 3, 80-84 
(1958) (In Russian); Nucl. Sci. Abstr. 
12, 13677 (1958). 


A. A. Pinus, Pathomorphological changes in 
animals poisoned by radon _ inhalation. 
Med. Radiol. 2, 55-63 (1957) (In Russian) ; 
Nucl. Sci. Abstr. 11, 5725 (1957). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 299 


Meeting of the Internal Dose Committee of the 
ICRP and NCRP, Pittsburgh, Pennsylvania, 
June 1957. 

E. R. Kine and J. D. Perkinson, Jr., 
Preliminary distribution studies of gallium- 
72 in the Wistar rat. Texas Rep. Biol. Med. 
8, 491-497 (1950). 

E. R. Kine, J. D. Perkinson Jr., H. D. 
Bruner and J. Gray, Excretion of gallium 
by the rat and man. Science 113, 555-557 
(1951). 

W. R. Pratt, Effects of radioactive P*? 
on normal tissues. Arch. Path. 43, 1-14 
(1947). 

I. Pertman, M. E. Morton and I. L. 
Cuarkorr, The selective uptake of bromine 
by the thyroid gland with radioactive 
bromine as indicator. Amer. J. Physiol. 
134, 107-113 (1941). 

I. PertmMan, M. E. Morron and I. L. 
CuarkorrF, Radioactive iodine as an indica- 
tor of the metabolism of iodine. I. Turnover 
of iodine in the tissues of the normal animal 
with particular reference to the thyroid. 
J. Biol. Chem. 139, 433-447 (1941). 

M. Patnaik, The iodine content of Indian 
food-stuffs. Indian J. Med. Res. 22, 249-262 
(1934). 

N. B. Myant and E. E. Pocutn, Thyroid 
clearance rate and plasma iodine as a 
measure of thyroid activity. Proc. Roy. 
Soc. Med. 42, 959-961 (1949). 

N. B. Myant, E. E. Pocuin and E. A. G. 
Go.p1ir, Plasma iodide clearance rate of 
human thyroid. Clin. Sci. 8, 109-133 (1949). 
E. E. Pocuin, Investigations of the thyroid 
function and disease with radioactive iodine. 
Lancet 2, 41-46 and 84-91 (1950). 

E. E. Pocuin, The speed of iodine meta- 
bolism. International Conference on the Peaceful 
Uses of Atomic Energy, Geneva, 1955 Vol. X, 
pp. 269-271. United Nations, New York 
(1956) . 

E. E. Pocuin, Letter to K. Z. Morgan, 
9 October, 1953. 

R. Pontot, Contribution a l'étude du 
métabolisme du _ radiocalcium dans los 
adulte. Arch. Biol. 69, 441-454 (1958). 

L. M. Lea and R. Pontort, Sur les auto- 
radiographies des os longs en croissance. 
Les mécanismes de l’apposition osseuse 
sous-periostée. Arch. Biol. 69, 455-465 (1958). 


Pr-1 


A. P. Prezyma, W. W. Ayres and W. C. 
Mut ry, Late effects of thorotrast in tissues. 
Radiology 60, 573-578 (1953). 

S. S. PHarak and VY. N. PATWARDHAN, 
Toxicity of nickel. J. Sci. Industr. Res. AQ, 
70-76 (1950). 

V. N. PatwarDHAN and N. G. Nuavt, 


The absorption of phosphates from the 
intestine. Biochem. J. 33, 663-670 (1939). 


R. G. Crrre and V. N. PAtTWARDHAN, 
Studies in calcium and phosphorus meta- 
bolism. IV. Absorption of calcium from the 
intestine. Indian J. Med. Res. 28, 361-369 
(1940). 


W. H. Peterson, J. T. SKINNER and F. M. 
Srronc, Elements of Food Biochemistry. Pren- 
tice-Hall, New York (1943). 

C. W. Linpow, W. H. PETERson and H. 
STEENBOCK, The copper metabolism of the 
rat. J. Biol. Chem. 84, 419-436 (1929). 

V. K. Puntns’ka, Salivary secretion and 
iodine elimination. Fiziol. Zhur. Akad. Nauk. 
Ukr. R.S.R. 3, 67-70 (1957) (In Russian) ; 
Chem. Abstr. 52, 1406 e (1958). 


W. Parson, K. R. Crispett and A. EsBert 


Jr., Abnormalities in N® excretion rates 
after ingestion of tagged glycine in Cushing’s 
syndrome and following ACTH administra- 
tion. J. Clin. Invest. 31, 548-554 (1952). 


M. Perey, Francium: element 87. Bull. 
Soc. Chim. Fr. 18, 779-785 (1951). 


J. L. Ravomsxt, H. N. Fuyat, A. A. NELSON 
and P. K. Smiru, Toxic effects, excretion 
and distribution of lithium chloride. J. 
Pharmacol. Exp. Therapeutics 100, 429-444 
(1950). 

M. S. Rasen and E. B. Asrwoop, Use of 
radioiodine in physiological and clinical 
studies on the thyroid gland. J. Clin. Invest. 
28, 1347-1366 (1949). 

R. D. Ray, D. LAaVio.ette, H. D. BuckLey 
and R. S. Mosman, Studies of bone meta- 
bolism. I. A comparison of the metabolism 
of strontium-90 in living and dead bone. 
J. Bone Joint Surg. A 37, 143-155 (1955). 

R. D. Ray, D. M. THomson, N. K. Wo.Fr 
and D. LaVioLeTre, Bone metabolism. 
II. Toxicity and metabolism of radioactive 
strontium (Sr) in rats. J. Bone Joint Surg. 
A 38, 160-174 (1956). 


300 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Ray-3 R. D. Ray, D. E. Srepman and N. K. 


Rd-3 


Wo rr, Bone metabolism. III. The effect of 
various diets on the mobilization of stron- 
tium from the rat skeleton. J. Bone Joint 
Surg. A 38, 637-654 (1956). 


R. F. Recoper, Spectrographic analysis 
of the Rio Plata river water and of tap 
water in Buenos Aires. Bol. Obras. Sanit. 
Nacién 3, 16-22 (1939); Chem. Abstr. 33, 
3936 (1939). 


J. Runpvo, The radioactivity of thorotrast. 
Phys. Med. Biol. 1, 138-146 (1956). 


J. Runpo and U. Sacitp, Total and 
‘exchangeable’ potassium in humans. Nature, 


Lond. 175, 774 (1955). 


J. Runpo, Determination of the radio- 
caesium content of contemporary man. I. 
Measurements made on subjects at Harwell. 
Measurement of body radioactivity. Brit. 
J. Radiol., Suppl. No. 7 (Papers read at a 
Conference held at Leeds on 16-17 April 
1956 pp. 125-127). 


J. Reap and J. C. Morrram, Tolerance 
concentration of radon in the atmosphere. 


Brit. J. Radiol. 12, 54-60 (1939). 


J. Reap, Radium poisoning. Brit. J. Radiol. 
12, 632-637 (1939). 


C. E. Renreitp, Macroscopic Alterations in 
the Eyes of Beagle Dogs with Burdens of 
Radium-226, Radium-228, Thorium-228 and 
Plutonium-239. Presented at the Radiation 
Research Society, Rochester, 13-15 May, 
1957, p. 53 of the abstracts. 


K. H. Remer and G. Lane, The damaging 
effect of P3? on the ovary. Strahlentherapie 
98, 453-463 (1955). Translated by B. Kawin 
as Report HW-56559. 


I. Rosenretp and O. A. Beatu, The 
elimination and distribution of selenium in 
the tissues in experimental selenium poison- 


ing. J. Nutrition 30, 443-449 (1945). 


I. RosENFELD and O. A. Beatu, Metabolism 
of sodium selenate (NaSeO,) and sodium 
selenite (NaSeO,) by tissues. J. Biol. Chem. 
172, 333-341 (1948). 


O. Rycu, Recherches sur les olio-éléments. 
I. De Pimportance du strontium, du baryum 
et du zinc. Bull. Soc. Chim. Biol. Fr. 31, 
1052-1061 (1949). 


Rg-2 


O. Ryou, Recherches sur les oligo-éléments. 
II. De Vimportance du thallium et du 
vanadium, du silictum et du fluor. Bull. 
Soc. Chim. Biol. Fr. 31, 1403-1407 (1949). 
C. R. Ricumonp, Retention and Excretion of 
Radionuclides of the Alkali Metals by Five 
Mammalian Species, LA-2207 (1958). 

M. B. RicHArps, Manganese in relation to 
nutrition. Biochem. J. 24, 1572-1590 (1930). 
H. G. Rieck and R. W. Perkins, Radium 
Determinations in Soil, Vegetation and Water 
by Radon Counting, HW-32210 (Revised) 
(1956). 

R. W. Perkins and J. M. Nretsen, Zinc-65 
in foods and people, Science 129, 94-95 
(1959). 


J. Rorsiat and G. Warp, The radioactivity 


from thorotrast and its retention in tissues. 
Phys. Med. Biol. 1, 125-137 (1956). 


J. Rorsiat and G. Warp, Analysis of the 


radioactive content of tissues by alpha track 
autoradiography. Phys. in Med. Biol. 1, 
57-70 (1956). 

R. S. Russett, Deposition of strontium-90 
and its contents in vegetation and in human 
diet in the United Kingdom. Nature, Lond. 
182, 834-839 (1958). 

H. Ramace and J. H. SuHetpon, Mineral 
content of eyes. Nature, Lond. 128, 376 
(1931). 

J. H. SuHetpon and H. Ramace, Spectro- 
graphic analysis of human tissues. Biochem. 
J. 25, 1608-1627 (1931). 

L. J. Rorn, E. Lerer, J. R. HoGness and 
W. Lancuam, LAMS-8I15R. 


J. E. Rose (Director), Radiological Physics 
Division Semiannual Report. July through 
December 1956, ANL-5679. 

H. F. Lucas Jr., F. I. Ibcewicz and A. F. 
STEHNEY, The concentration of radon in the 
atmosphere. I. Chronological variations 
pp. 10-12; 

F. C. Kurtuanex, G. A. ZersBe and H. 
Moses, The concentration of radon in the 
atmosphere. II. Comparison with meteoro- 
logical data pp. 13-15; 

L. D. Marinetur and P. F. Gusrarson, 
The thorium-227 accident—final comparison 
between experimental results and calculated 
values of retention and elimination pp. 16-20 
C. E. Miter, The human spectrometer 
Introduction p. 21; 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 301 


E. Mirtter and L. D. Marine.tt, 
I. Jn vivo measurements, strontium-85 
pp. 22-24, radium-226 pp. 24-25, tellurium- 
129, inhalation accident, pp. 26-28, cesium- 
137 in humans, pp. 28-30; 
J. Jowsey, J. H. Marswary and R. E. 
Row tanp, The distribution of cerium-144 
and thulium-170 in the dog skeleton, 
pp. 46-47; 
J. H. Marswarr, R. E. Row1anp and 
J. Jowsey, Quantitative autoradiographic 
measurements of calcium-45 concentration 
in cortical bone pp. 48-62. 


J. E. Rose (Director), Radiological Physics 
Division Semiannual Report, January through 
June 1956 ANL-5596. 

H. F. Lucas Jr. and A. F. Srenney, Radon 
contamination in the measurement of low 
levels of expired radon—II pp. 6-11; 
A. F. Strenney, D. E. WALLACE and F. H. 
Incewicz, Isolation of Th?*5 from bone with 
dibutyl phosphate pp. 12-14; 

P. F. Gusrarson and L. D. Marine tt, 
Calculations pertaining to radium produced 
in vivo from a thorium patient pp. 19-25; 
C. E. Miter, Measurements of gamma rays 
in vivo, cesium in humans, pp. 28-31, 
cesium in urine, p. 31, foods, p. 31. 


J. E. Rost (Director), Semiannual Report 
Radiological Physics Division for January 
through June 1955, ANL-5456. 

A. F. Srenney and H. F. Lucas Jr., 
Retention of environmental radium by 
young human males pp. 95-98; 

Radium Toxicity. L. D. Marinewut, Intro- 
duction p. 107; 

C. E. Miniter, L. D. Marinecui and J. E. 
Rose, Studies on the scintillation background 
spectrum in the low-level gamma-ray 
counting facility pp. 107-113; 

R. E. Row ranp and L. D. MarIne.tt, 
Potentialities of the coincidence method in 
the measurements of the gamma-ray activi- 
ties from the human body at very low levels, 
pp. 113-116; 

C. E. Miiiter, L. D. Mariner, A. F. 
SreHney and J. E. Rosr, Body burden 
and excretion of Ra in a human, 1012 days 
after an accidental inhalation of RaSO, 
pp. 116-120; 

C. E. Mitrer and L. D. MarineLt, 
Preliminary observations on the potassium 


content of the human body pp. 120-122. 


Ros-4 J. E. Rose (Director), Radiological Physics 


Division Semiannual Report, January through 
June 1957, ANL-5755. 

J. H. Marsuatr, V. K. Wurre and J. 
Conen, Three dimensional deposition of 
calcium-45 in cortical bone of dogs pp. 
5-17; 

D. E. Watuace, A. F. Stenney and F. H. 
ILcewicz, Calibration of dibutyl phosphate 
procedure for isolation of Th?*8 from bone 
p. 33; 

R. E. Rowtanp, J. Jowsey and J. H. 
MARSHALL, Mass per unit volume of bone 
mineral pp. 34-37; 

R. E. Rowtanp, J. Jowsey and J. H. 
MarsHatt, The mechanism of radon 
retention in bone pp. 38-41; 

The Human Spectrometer. 

C. E. Miter, Introduction p. 47; 

C. E. Mitrer and L. D. Marinetuyi, 
In vivo measurements of Cs!87 pp. 47-53; 
C. E. Mititer and O. J. STEINGRABER, 
Measurements on some residents of the 
Marshall Islands pp. 53-57; 

C. E. Mitier, Exchangeable potassium 
in humans pp. 57-58; 

C. E. Mritier, Radium in humans p. 58. 


S. P. peRuspres and C. S. bD’ARGENT, 
Spectrographic determination of cations 
in some Spanish medicinal mineral waters. 
Anales Soc. Espati. Fis. y. Quim. 29, 235-246 
(1931); Chem. Abstr. 25, 3104 (1931). 


M. RosentrHau and E. J. Grace, Experi- 
mental radium poisoning. I. Bone marrow 
and lymph node changes in rabbits produced 
by oral administration of radium sulphate. 


Amer. J. Med. Sci. 191, 607-618 (1936). 


M. W. RosentHaAL (Editor), Therapy of 
Radioelement Poisoning. Transcription of a 
Meeting on Experimental and Clinical Approaches 
to the Treatment of Poisoning by Radioactive 
Substances 20 and 21 October, 1955, ANL-5584. 
J. C. Aus, Introductory address pp. 2-11; 
H. Foreman, Clinical experiences in removal 
of radioelements from the body p. 12-22; 
E. A. Haruaway, A. J. FINKEL, J. SEDLET 
and P. F. Gusrarson, A_ thorium-227 
incident pp. 24-25; 

R. L. Dosson, Americium poisoning pp. 
28-35; 

W. D. Norwoop, Treatment of plutonium 
poisoning with zirconium citrate and with 


CaEDTA pp. 36-44; 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


K. Wituiams, Some cases of internal con- 
tamination and their early detection for 
possible treatment by chelating agents 
pp. 45-52; 

D. Laszto and H. Spencer, The inter- 
relationship of calcium, strontium and metal 
metabolism and the effect of chelating agents 
thereon pp. 53-68; 

R. D. Ray, Experimental studies on bone 
and strontium metabolism pp. 69-82; 
N. S. MacDona.p, Diminishing the skeletal 
retention of ingested radiostrontium by the 
use of chemical agents pp. 83-90; 

W. E. Kusteceski, W. P. Norris and L. A. 
Wooprurr, The effect of BAL on distribution 
and metabolism of P®? and Sr pp. 91-99; 
M. W. Rosentuat, The use of zirconium 
and other carriers in the removal of radio- 
elements from the body pp. 100-113; 
R. C. THompson, Research at Hanford on 
therapy for internally deposited plutonium 
pp. 114-122; 

D. H. Copp and B. Kawin, Some considera- 
tions in fission product contamination 
pp. 123-129; 

J. Jowsey, The chelation of skeletally 
deposited yttrium by EDTA p. 130; 

J. S. ARNoLD, Some observations on pluto- 
nium and radium in bone pp. 131-143; 
S. H. Coun, The effect of chemical agents 
on the skeletal content and excretion of 
internally deposited fission products pp. 
144-150; 

H. Kroii, Development of chelating agents 
potentially more effective than EDTA in 
radioelement removal pp. 150-151; 
Summary Tables pp. 152-156. 


of the 


A. Rorustetn, Toxicology Minor 


Metals, UR-262 (1953). 


R. Ruau, Radioiodine and histopathological 
effects. J. Morphol. 89, 457-499 (1951). 


R. Rucu, The Mouse Thyroid and Radioactive 
Iodine (1381), II. The Excretion Rate of Radio- 
active Iodine Following Its Injection into the 
Adult Nursing and Non-Nursing Mouse, and 
Its Rate of Absorption by the Suckling Young, 
NYO-1545 (1951). 


R. Rucu, The effect on the thyroid gland 
and the gonads following chronic treatment 
of mice with low doses of radioiodine (I"). 
J. Exp. Zool. 122, 151-167 (1953). 


Rus-l_ L. S. Ruser, A Calculation of the dose due 


Sa-4 


to inhaled radon. Atomnaya Energiya 4, 144— 
148 (1958). Also in Nuclear Sci. Abstr. 12, 
7686 (1958). 


E. J. RurHERForD, J. CHApwick and C. D. 
Exuts, Radiation from Radioactive Substances. 
Cambridge University Press, London (1951). 


M. S. Rose, What place have aluminum, 
copper, manganese and zinc in normal 
nutrition? J. Nutrition 1, 541-556 (1928— 
1929). 

M. S. Rose, The nutritional significance of 
some mineral elements occurring as traces 
in the animal body. Yale J. Biol. Med. 4, 
499-518 (1931-1932). 

T. W. Ray and L. J. Deysacn, Storage of 
manganese by thyroid. Effect on oxygen 
consumption of the guinea pig. Proc. Soc. 
Exp. Biol. Med. 51, 228-229 (1942). 

J. N. Srannarp, Distribution and Excretion 
of Orally Administered Polonium in the Rat, 
UR-299 (1954). 

J. N. Srannarp, The Effects of a Maintained 
Body Burden of Polonium in Rats. I. Pilot 
Distribution and Excretion Experiment, UR-329 
(1954). 

J. N. Srannarp and R. C. Baxter, The 
Effects of a Maintained Body Burden of Polonium 
in Rats. Il. Plan of Long Term Experiment; 
Distribution, Excretion and Retention Data, 
UR-376 (1954). 

J. N. Srannarp, H. A. Briar and R. C. 
BAxTEeR, The Effects of a Maintained Body 
Burden of Polonium in the Rat. II1. Mortality, 
Life Span and Growth, UR-395 (1955). 


P. E. Morrow, F. A. Smiru, R. J. DELLA 
Rosa, L. J. Casaretr and J. N. STANNARD, 
The Early Fate of Polonium-210 in Cats. 
I. Gastrointestinal Administration Studies. I. 
Intravenous Administration Studies, UR-396 
(1955). 

Jj. N. Srannarp, The Long Term Retention 
and Distribution of Polonium-210 in the Rat, 
UR-393 (1955). 

R. G. Tuomas and J. N. STannarp, The 
Bind of Polonium by Red Cells and Plasma 
Proteins, UR-414 (1955). 

R. J. Detta Rosa, R. G. Tuomas and J. N. 
STANNARD, The Acute Toxicity and Retention 
of Orally Administered Polonium-210 in the Rat, 
UR-392 (1955). 


Sa-9 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


R. G. Scorr and J. N. STANNARD, Modified 
Procedure for Analysis of Polonium-210 in 
Biological Materials, UR-235 (1953). 

J. N. Srannarp, Is the Concept of “‘Critical 
Organ’? Valid in Determining the Maximum 
Permissible Level for Exposure to Radioactive 
Materials? UR-402 (1955). 


L. J. Casaretr and J. N. STANNARD, 
Further evidence for a role of the R-E 
system in the distribution of polonium-210 
in rat tissues. J. Pharmacol. Exp. Therapeutics 
113/1, 9-10 (1955) (Abstract). 

R. G. Tuomas and J. N. STANNARD, The 
binding of polonium by red cells and plasma. 
Rad. Res. 1, 563-564 (1954). 

J. N. Srannarp and M. A. K. ANGELL, 
Possible Sex Influences on the Metabolism of 
Polonium-210 in the Rat, UR-427 (1956). 

R. G. Tuomas and J. N. STannarp, The 
Metabolism of Polonium-210 Administered by 
Intratracheal Injection to the Rat, UR-430 
(1956). 

R. G. Tuomas and J. N. STANNARD, Influence 
of Injection Solution Treatment on Blood Dis- 
appearance Rates and Tissue Distribution of 
Polonium-210, UR-421 (1956). 

J. N. Srannarp and F. A. Smitrn, Species 
Differences in the Metabolism of Polonium-210, 
UR-487 (1957). 

J. N. STANNARD, Letter to K. Z. Morcan, 
2 December, 1957. 


J. N. Srannarp, Dosage and _ biological 


effects of internal radioactivity. A.M.A. 
Arch. Industr. Hith. 18, 95-101 (1958). 

A. Sacus, V. E. Levine, F. C. Hitt and 
R. Hucues, Copper and iron in human 
blood. Arch. Int. Med. 71, 489-501 (1943). 


V. SapAsIVAN, Studies on the biochemistry 
of zinc. I. Effect of feeding zinc on the liver 
and bones of rats. Biochem. J. 48, 527-530 
(1951). 

E. L. Geicer and S. M. SAnpeErs, JR., 
Acute Uptake of Plutonium and Uranium 
Following Wound Contamination pp. 61-66. 
Proceedings of the Health Physics Society, 
First Annual Meeting, 25-27 June 1956, 
University of Michigan, Ann Arbor, Michi- 
gan. 

YOsHIKAZU SAHASHI, Biochemistry of copper 
metabolism. Japan. Chem. J. 8, 618-625 
(1954); Chem. Abstr. 49, 16103 d (1955). 


San-l 


303 


A. Santos-Ruiz, M. D. GuEeLBenzu and 
J. M. Lopez pe Azcona, Trace elements in 
normal and pathological human tissues. 
V. Discussion of results in four earlier notes. 
Rev. Espah. fisiol. 8, 207-215 (1952); Chem. 
Abstr. 47, 7085 (1953). 


V. A. Sanortsku, On the toxicology of radio- 
active materials. Med. Radiol. 2, 28-35 
(1957) (In Russian); Nucl. Sci. Abstr. 11, 
5723 (1957). 


H. A. Serr, C. H. Viot and M. A. Gorpon, 
The elimination of soluble radium salts taken 
intravenously and per os. Radium 5, 40-44 
(1915). 


M. O. Scuuttze and S. J. Stumons, Studies 
with radioactive copper. J. Appl. Phys. 12, 
315 (1941). 


I. L. Scuwarrz and J. H. TuHaysen, 
Excretion of sodium and potassium in 
human sweat. J. Clin. Invest. 35, 114-120 
(1956). 


J. K. Scorr, Histopathology of Mice Exposed 
to Radon. UR-411 (1955). 


R. H. Hari, C. A. Stroup, J. K. Scorr, 
R. E. Root, L. T. StTeapMAN and H. E. 
STOKINGER, Acute Toxicity of Inhaled Thorium 
Compounds, UR-190 (1951). 


J. K. Scorr, W. F. Neuman and J. F. 
Bonner, The distribution and excretion of 
thorium sulfate. J. Pharmacol. Exp. Thera- 
peutics 106, 286-290 (1952). 


C. J. Sprect, M. C. Carxins, J. J. DEVoLDRE 
J. K. Scorr, L. T. STEADMAN and H. E. 
STOKINGER, Inhalation Toxicity of Zirconium 
Compounds. 1. Short-Term Studies, UR-460 
(1956). 


G. A. Smiru and J. K. Scorr, Metabolism of 
Indium. U1. The Distribution and Excretion 
of Indium-114m, Administered to the Rat by 
Subcutaneous Injection, UR-507 (1957). 


P. E. Morrow, F. R. Giss, R. Cioutier, 
L. J. Casaretr and J. K. Scorr, Fate of 
Indium Sesquioxide and of Indium-114 Trichlo- 
ride Hydrolysate Following Inhalation in Rats, 
UR-508 (1958). 


B. Rayewsky, A. ScHrAvs and E. Scuravus, 
Tolerated concentration of radon in inhaled 
air. Naturwissenschaften 30, 733-734 (1942); 
Chem. Abstr. 38, 4686 (1944). 


Se-5 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


K. Auranp, U. Feimne, W. JAcosr and A. 
Scuraus, Investigation on radiation dose 
in the lungs caused by radon bearing atmos- 
phere. Strahlentherapie 104, 345-354 (1957). 


D. A. Scorr and A. M. Fisuer, Studies on 
the pancreas and liver of normal and zinc-fed 
cats. Amer. J. Physiol. 121, 253-260 (1938). 


E. W. Scuwartze, G. J. Cox, R. E. UNANGsT, 
F. J. Murpny and H. B. Wicman, The 
extent of the retention of ingested aluminum. 


J. Amer. Med. Assoc. 101, 1722-1725 (1933). 


P. R. Scuioers, B. J. Frus-HANsEN, 
I. S. EpetMAN, A. K. SoLtoman and F. D. 
Moore, Measurement of total body water 
in the human subject by deuterium oxide 
dilution; with a consideration of the dy- 
namics of deuterium distribution. J. Clin. 
Invest. 29, 1296-1310 (1950). 


J. Scuupert and W. D. Armstronc, Rate 
of elimination of radioactive carbon ad- 
ministered as carbonate from tissues and 
tissue components of mature and growing 


rats. J. Biol. Chem. 177, 521-527 (1949). 


J. Scuupert, Estimating radioelements in 


exposed individuals. II. Radiation dosage 
and permissible levels. Nucleonics 8, 66-78 
(1951). 


J. Scuupert, M. P. Finxert, M. R. Wuire 
and G. M. Hirscu, Plutonium and Yitrium 
Content of the Blood, Liver and Skeleton of the Rat 
at Different Times after Intravenous Administra- 
tion, AECD-2651 or J. Biol. Chem. 182, 
635-642 (1950). 


L. T. McCuinton and J. ScHuBERT, Acute 
toxicity of some zirconium and thorium 
salts in rats. J. Pharmacol. Exp. Therapeutics 
94, 1-6 (1948). 


J. Scuusert and M. R. Wurrer, The effect 
of citrate salts and other chemical factors on 
the distribution and excretion of beryllium. 


J. Lab. Clin. Med. 35, 854-863 (1950). 


J. Scuupert and H. Wattace, JR., The 
Effect of Zirconium and Sodium Citrate on the 
Distribution and Excretion of Simultaneously 
Injected Thorium and Radiostrontium, AECD- 
2621 (1949). 

E. L. Russeii, R.C. Leskoand J. ScHuBERT, 
A direct method for determining radium in 
exposed humans. Nucleonics 7, No. 1, 60-64 
(1950). 


Sea-l 


J. A. SEALANDER, JR., Influence of tem- 
perature stress on uptake of P%? in the rat. 
Amer. J. Physiol. 186, 227-230 (1956). 


L. Seep and B. Jarre, Comparison of the 
tracer dose and the therapeutic dose of 
I'31 as to the thyroid uptake, effective half- 
life and roentgen dosage. Radiol. 63, 551-561 
(1954). 


J. Semwrer and E. S Rampousex, Intra- 
venous injections of soluble tin compounds. 


J. Lab. Clin. Med. 28, 1344-1348 (1943) 


J. Sapiro, Radiation dosage from breathing 
radon and its daughter products. Amer Med. 


Assoc. Arch. Industr. Hlth. 14, 169-177 (1956). 


J. Suaprro, An Evaluation of the Pulmonary 
Radiation Dosage from Radon and Its Daughter 
Products. UR-298 (1954). 


B. SHaprro and G. Rose, Application of 
Cl labeled substances in the study of adipose 
tissue metabolism. International Conference 
on the Peaceful Uses of Atomic Energy, Geneva, 
August 1955 Vol. XII pp. 516-518, Paper 
No. P/776. 


F. R. Sasrin, C. A. Doan and C. E. ForKNER, 
Production of osteogenic sarcomata and the 
effects on lymph nodes and bone marrow 
of intravenous injection of radium choride 
and mesothorium in rabbits. J. Exp. Med. 
56, 267-290 (1932). 


A. T. SHouL, Mineral Metabolism. Reinhold, 
New York (1939). 


H. A. ScHroepDER, Trace metals and chronic 
diseases. In Advances in Internal Medicine 
(Edited by W. Dock and I. SNAPPER) 
pp. 259-303. Yearbook Publishers, Chicago 
(1956). 


C. J. SHELLABARGER, Studies on the Thyroidal 
Uptake of Rhenium in the Rat, BNL-2305 
(1955). 


C. J. SHELLABARGER, Uptake of Rhenium 
by the Rat Thyroid Gland, Quarterly Progress 
Report, 1 October 1954 through 31 December 
1954, BNL-326. 


C. J. SHELLABARGER and J. TI’. Gopwin, The 
thyroidal uptake of astatine in the rat. 
J. Clin. Endocrinol. Metabolism 14, 1149-1160 
(1954). 


Sj-1 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 305 


V. V. SurkHopyrov, Changes in loose 
connective tissue in chronic radiation 
sickness. Summaries of Papers Presented at the 
Conference on the Remote Consequences of Injuries 
Caused by the Action of Ionizing Radiation 
Committee on Medical Radiology, Ministry 
of Health, U.S.S.R., Moscow 1956. English 
translation pp. 25-28 (1957). 


E. SHorr and A. C. Carter, The usefulness 
of strontium as an adjuvant to calcium in the 
mineralization of the skeleton in man. 


Hospital for Joint Diseases 13, 59-66 (1952). 
H. C. SwHermMan and C. S. LANForpD, 
Essentials of Nutrition. MacMillan, New 
York (1943). 

H. C. SHERMAN, Chemistry of Food and 
Nutrition (6th Ed.). MacMillan, New York 
(1941). 

P. A. SHaw, Toxicity, distribution and 
excretion of thallium. Proc. Soc. Exp. Biol. 
Med. 30, 488-489 (1932-1933). 

H. E. Sicperstrern, Radium Poisoning—Survey 
of Literature Dealing with the Toxicity and 
Metabolism of Absorbed Radium, AECD-2122 
or M-1695 (1945). 


R. M. Srevert and B. Huttevist, Some 
Swedish investigations of the radioactivity 
of the human body. Measurement of body 
radioactivity. Brit. J. Radiol., Suppl. No. 7. 
(Papers read at a conference held at Leeds 
on 16-17 April 1956, pp. 1-12). 

R. M. Srevert, Investigations of the gamma- 
ray activities of the human body. Strahlen- 
therapie 99, 185-195 (1956). 

M. R. Stxov, J. E. Lorsrrom and C. F. 
Resta, Alterations in the Skeleton of the Newborn 
Rat Induced by Maternally Administered Radio- 
phosphorus. Presented at the Radiation 
Research Society, Rochester, N.Y. 13-15 
May 1957, p. 59 of the abstracts. 


H. C. Smiwcuowrirz, German radiotherapy in 
1942-1943. Brit. J. Radiol. 17, 216-217 
(1944). 


W. K. Sincrair, J. D. Apsatr, H. E. A. 
FaARRAN, E. B. Harriss and L. F. LAMERTON, 
A quantitative autoradiographic study of 
radioiodine distribution and dosage in human 
thyroid glands. Brit. J. Radiol. 29, 36-41 
(1956). 


J. Sacks, Radioactive isotopes as indicators 
in biology. Chem. Rev. 42, 411-456 (1948). 


Sk-1 


jections. Arch. Dermatol. Syphil. 32, 


H. E. Skipper, L. Wuire, Jr. and C. E, 
Bryan, Body retention of carbon-14 from 
labeled sodium bicarbonate. Science 110, 
306-307 (1949). 

H. E. Skipper, C. Noian and L. Simpson, 
Studies on the hazard involved in the use 


of carbon-14. III. Long term retention in 
bone. J. Biol. Chem. 189, 159-166 (1951). 


H. E. Skipper, Body Retention of Carbon-14. 
Long Term Retention of Carbon-14 with Parti- 
cular Attention to the Bone Shaft, ORO-41 
(1951). 

H. E. Skipper, L. Wuire, Jr. and C. E. 
BrYAN, Studies on the hazard involved in 
the use of carbon-14. I. Retention of carbon 
from labeled sodium bicarbonate. J. Biol. 
Chem. 180, 1187-1195 (1949) or NP-961 
(1949). ; 

H. E. Skipper, L. Simpson and M. BELL, 
Long term radiation of bone following 
administration of C!-bicarbonate. Proc. 
Soc. Exp. Biol. Med. 92, 549-550 (1956). 

R. W. Rawson and B. N. SKANsE, Radio- 
active iodine—Its use as a tool in studying 
thyroid physiology. Radiology 51, 525-531 
(1948). 

B. SKANsE, Radioactive Iodine—lIts use in 
studying the urinary excretion of iodine by 
humans in various states of thyroid function. 
Acta med. scandi. 131, 251-268 (1948). 

T. So_ttMAnn, A Manual of Pharmacology. 
Saunders, Philadelphia (1942). 

T. SoLLMANN, N. E. Scurerper, H. N. Core, 


J. V. AMBLER, J. A. GAMMEL, R. L. Howarp 


and H. C. Suaw, Excretion of mercury after 
clinical intramuscular and intravenous in- 
1-48 
(1935). 

T. Sortman, H. N. Core and N. E. Scu- 
REIBER, Mercury inunctions. Arch. Dermatol. 
Syphil. 32, 242-257 (1935). 

F. A. Smiru, R. J. Detta Rosa and L., J. 
CasARETT, Analytical and Autoradiographic 
Methods for Polonium-210, UR-305 (1955). 


M. I. Smiru and B. B. WestTFALL, Further 
field studies on the selenium problem in 
relation to public health. Publ. Hlth. Rep. 
52, 1375-1384 (1937). 

M. I. Smiru, B. B. WesTFALL and E. F. 
STOHLMAN, The elimination of selenium 
and its distribution in tissues. Publ. Hlth. 
Rep. 52, 1171-1177 (1937). 


306 


Sm-4 


Sma-l 


Sn-1 


Sn-2 


Sn-3 


Sn-4 


Sn-5 


Sny-1 


Sny-2 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


B. B. Wesrrautt and M. I. Smirn, Further 
studies on the fate of selenium in the organ- 
ism. J. Pharmacol. Exp. Therapeutics 72, 
245-251 (1941). 


A. A. SMAtss and B. D. Parr, The Determina- 
tion of Sub-Microgram Quantities of Arsenic 
by Radioactivation. III. The Determination 
of Arsenic in Biological Material, AERE 
C/R 859/3 (1952). 


G. E. Suexine, I. L. Cuarxorr, H. B. Jones 
and M. L. Montrcomery, Studies on the 
metabolism of zinc with the aid of its radio- 
active isotope. I. Excretion of administered 
zinc in urine and feces. J. Biol. Chem. 147, 
409-414 (1943). 


G. E. Sueine, I. L. Cuarxorr, H. B. Jones 
and M. L. Montrcomery, Studies on the 
metabolism of zinc with aid of its radioactive 
isotope. II. Distribution of administered 
radioactive zinc in the tissues of mice and 


dogs. J. Biol. Chem. 149, 139-151 (1943), 


E. R. Miiter, M. E. Dattey, A. V. Hotmes, 
G. L. ALEXANDER and G. E. SHELINE, 
Studies with radioiodine. I. Function and 
rate of I’! uptake of thyroid. Radiology 57, 
37-46 (1951). 

M. L. Montcomery, G. E. SHELINE and 
I. L. Cuarxorr, Elimination of administered 
zinc in pancreatic juice, duodenal juice and 
bile of the dog as measured by its radioactive 
isotope (Zn®). J. Exp. Med. 78, 151-159 
(1943). 

M. L. Montrcomery, G. E. SHELINE and 
I. L. Cuarkorr Elimination of sodium in 
pancreatic juice as measured by radioactive 


sodium. Amer. J. Physiol. 131, 578-583 (1941). 


W. S. Snyper, Provisional Calculations of 
MPC in water for Pu®®®, Ra?*6, Sr9° and U- 
natural based on Power Law Elimination. 
Unpublished Oak Ridge National Labora- 
tory data (July, 1955). 


W. S. Snyper, Equations for Calculation of 
Internal Dose from a Chain of Radionuclides. 
Unpublished Oak Ridge National Labora- 
tory data (18 October, 1956). 

K. G. Scorr Metabolism of Carrier-Free 
Radioactive Silver in the Rat, UCRL-36 (1948). 
K. G. Scorr, Metabolic studies on leukemic 


mice with the aid of radioactive phosphorus. 
Cancer Res. 5, 365-367 (1945). 


So-3 


So-5 


Sog-l 


Son-l 


Sp-1 


Spe-1 


Spi-l 


Spi-2 


Spi-3 


Spi-4 


K. G. Scorr and J. H. LAwrence, Effect 
of radiophosphorus on blood of monkeys. 
Proc. Soc. Exp. Biol. Med. 48, 155-158 (1941). 


S. F. Coox, K. G. Scort and P. ABELson, The 
deposition of radio-phosphorous in tissues of 
growing chicks. Proc. Nat. Acad. Sci. 23, 528- 
533 (1937). 

L. A. Err, L. W. Turrie and K. G. Scorrt, 
Retention of orally administered radio- 
phosphorus by mice. Proc. Soc. Exp. Biol. 
Med. 45, 652-657 (1940). 


R. F. Socnnagrs, J. H. SuHaw and R. 
Bocorocu, Radiotracer studies on bone, 
cementum, dentin and enamel of Rhesus 
monkeys. Amer. J. Physiol. 180, 408-420 
(1955). 

V. A. Sonpak, Injuries to the organisms of 
small doses of radioactive phosphorus. 
Biofizika 1, 211-220 (1956); Chem. Abstr. 
50, 16927 (1956). 


D. B. Sprinson and D. Ritrensperc, The 
rate of interaction of the amino acids of 
the diet with the tissue proteins. J. Biol. 
Chem. 180, 715-726 (1949). 

F. G. Spear, The delayed effect of radium 
on tissue cultures in vitro—comparison of 
continuous and spaced radiation. Proc. 
Roy. Soc. B 108, 190-195 (1931). 

F. W. Sprers and P. R. J. Burcu, Measure- 
ment of the normal radioactivity of the body. 
In Biological Hazards of Atomic Energy (Edited 
by A. Happow) Oxford University Press 
pp. 203-213 (1952). 

P. R. J. Burcu and F. W. Spiers, Radio- 
activity of the human being. Science 120, 
719-720 (1954). 

F. W. Sprers and P. R. J. Burcu, Measure- 
ments of body radioactivity in a radium 
worker. Measurement of body radioactivity. 
Brit. J. Radiol., Suppl. No. 7. (Papers read 
at a conference held at Leeds on 16-17 
April 1956, pp. 81-89). 

P. R. J. Burcu, P. M. Birp and F. W. 
Spiers, Determination of the radio-caesium 
content of contemporary man. II. Measure- 
ment made on subjects in Leeds. Measure- 
ment of body radioactivity. Brit. J. Radiol. 
Suppl. No. 7. (Papers read at a conference 
held at Leeds on 16-17 April 1956, pp. 128— 
130). 


Spi-5 


Spo-1 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


F. W. Sprers, Alpha-ray dosage in bone 
containing radium. Brit. J. Radiol. 26, 296— 
301 (1953). 

E. Spope, The distribution of radio yttrium 
and radioactive rare earths in mammals. 
I. Distribution investigation using carrier 
free radio yttrium Y*! in guinea pigs. Z. 
Naturforsch. b 13, 286-291 (1958) (In German) 
Nucl. Sci. Abstr. 12, 12964 (1958). 


E. Spope, G. Driepricu and R. GLAsER, 
Research on the distribution of radioholm- 
ium (Ho!) in the white mouse.  Strahlen- 
therapie 108, 97-101 (1959). 

R. C. Sprout and R. A. LeuMan, A study 
of certain factors influencing the absorption 
of water soluble bismuth compounds. 
Amer. J. Syphilis, Gonorrhea Venereal Diseases 
26, 166-180 (1942). 

W. E. Sirt. Isotopic Tracers 
Radiations with Applications to Biology and 
Medicine, McGraw-Hill, New York (1949). 
R. Sreeve, The Turnover of Carbon in the 
Mouse as Studied by the Use of Tagged Carbo- 
hydrate, BNL-1222 (No date). 

Brookhaven National Laboratory, Quarterly Pro- 
gress Report, 1 October to 31 December 1950, 
BNL-93. 

R. Sreeve, Disappearance from 
tissues of carbon from assimilated sucrose 
p. 123. 

R. Sree.e, Excretion and retention of the 
carbon of ingested sucrose by the mouse. 
J. Biol. Chem. 209, 91-103 (1954). 

H. Scuiunpt and G. Fariia, The detection 
and estimation of radium in living persons 
III. The normal elimination of radium. 
Amer. J. Roentgenol. 26, 265-271 (1931). 

H. Scuiunpt, J. T. Nerancy and J. P. 
Morris, The detection and estimation of 
radium in living persons. IV. The retention 
of soluble radium salts administered intra- 
venously. Amer. J. Roentgenol. 30, 515-522 
(1933). 

H. H. Barker and H. Scuiunpt, The 
detection, estimation and elimination of 
radium in living persons given radium 
chloride internally. II. Amer. J. Roentgenol. 
24, 418-423 (1930). 

H. Scutunpt, H. H. Barker and F. B. 
Finn, The detection and estimation of 
radium and mesothorium in living persons. 
I. Amer. J. Roentgenol. 21, 345-354 (1929). 


and Nuclear 


mouse 


Sta-l 


307 


H. Straus, Calcium-45 in metabolic studies. 
Schweiz. Med. Wochschr. 84, 499-506 (1954) ; 
Chem. Abstr. 48, 10886 c (1954). 

A. F. Srenney, W. P. Norris, H. F. Lucas, 
Jr. and W. H. Jounston, A method for 
measuring the rate of elimination of radon 
in breath. Amer. J. Roentgenol. 73, 774-784 
(1955). 

A. F. Srenney, Radium and thorium X 
in some potable waters. Acta Radiol. 43, 
43-51 (1955). 

A. F. Srenney and H. F. 
Retention of environmental 
young humans. Rad. Res. 3, 351 
(Abstract). 

A. F. Srenney and H. F. Luaas, Jr., 
Studies on the radium content of humans 
arising from the natural radium of their 
environment. International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, 
August 1955, Vol. XI, pp. 49-54, Paper No. 
P/852. 

S. R. Strrcu, Trace Elements in Human Tissue. 
I. A Semi-Quantitative Spectrographic Survey, 
AERE, MRC/R 1952 (1956). 

E. M. Sowpen and S. R. Stircn, Trace 
Elements in Human Tissue. 11. Estimation of the 
Concentrations of Stable Strontium and Barium 
in Human Bone, AERE, MRC/R 2030 (1956). 
S. R. Stircu, Trace elements in human 
tissue. I. A semi-quantitative spectrographic 
survey. Biochem. J. 67, 97-103 (1957). 

E. M. Sowpen and S. R. Stircu, Trace 
elements in human tissue. II. Estimation of 
the concentrations of stable strontium and 
barium in human bone. Biochem. J. 67, 
104—109 (1957). 

A. Stock, Mercury content of the human 
body. XXXIII. Effect and distribution of 
mercury. Biochem. Z. 316, 108-122 (1943); 
Chem. Abstr. 38, 4694 (1944). 

A. Stock, Mercury content of the human 
body. XXX. Effect and distribution of 
mercury. Biochem. Z. 304, 73-80 (1940); 
Chem. Abstr. 34, 4154 (1940). 

J. M. Sree.e, Body water in man and its 
subdivisions. Bull. N. Y. Acad. Med. Ser. 2, 
27, 679-688 (1951). 

C. N. Stover, Jr. (Editor), Plutonium, 
radium and mesothorium. Second Annual 
Conference, University of Utah College of Medicine 
Radiobiology Laboratory, 17-19 June 1954, 


Lucas, Jr., 
radium by 
(1955) 


308 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Stn-2. B. J. Srover, D. R. Aruertron and N. 


Kevver, Further Studies of the Excretion of 
in vivo Produced Radium-224 Presented at the 
Radiation Research Society Meeting, 13-15 
May 1957, p. 64 of the abstracts. 

University of Utah, College of Medicine, Salt 
Lake City 12, Utah Radiobiology Laboratory, 
Semiannual Progress Report, 30 September 
1957. AECU-3583 Toxicity animals: pluto- 
nium, radium, mesothorium, radiothorium 
and strontium pp. 1-55; 

W. S. S. Jez and J. S. ARNoLp, Microradio- 
graphic studies of cortical bone of chronic 
toxicity dogs pp. 56-61; 

W.S.S. Jee, C. R. Mort, J. S. ARNOLD and 
R. Mica, The failure of plutonium to 
deposit in the osteoid of rachitic rats 
pp. 62-67; 

H. C. Go.pruorrpe and S. BENNETT, 
Biochemistry report pp. 68-73; 

B. J. Srover and D. R. Atnerton, A 
summary of the Ra’ (MsTh) injection 
solutions pp. 74-76; 

B. J. Srover and N. Ketuer, Studies of the 
state of plutonium, thorium and radium in 
beagle blood pp. 77-81; 

B. J. Stover, D. R. ArHerton, N. Ke_ier 
and D. S. Busrer, Lack of effect of dose level 
on Pu**® metabolism in the beagle pp. 82-86; 
B. J. Srover and D. R. ATHEerTon, Concen- 
tration of Sr® in plasma pp. 87-90; 

D. R. Aruerton, B. J. Srover and M. A. 
Van Dittia, Absorption of radium and 
thorium through the gut as a function of 
chemical form. IV. pp. 91-93; 

C. W. Mays, B. J. Stover, D. R. ATHERTON 
and M. A. Van Dita, Isotope burden and 
radiation dose rate in injected beagles 
pp. 94-109; 

C. W. Mays, D. H. Taysum, G. N. TAyLor 
and M. A. Van Ditta, Measurement of 
X-ray dosage to dogs pp. 110-112; 

C. W. Mays and L. W. Brake, Further 
thoron exhalation measurements pp. 113-— 
114; 

C. W. Mays, M. A. Van Dutta, W. S. S. 
Jee, D. R. Aruerton, J. Warkrins, D. 
Barton, L. BLAKE and W. Stevens, Further 
studies on radon retention pp. 115-126. 
University of Utah, College of Medicine, Salt Lake 
City 12, Utah Radiobiology Laboratory, Semi- 
annual Progress Report, 30 September 1956. 
Toxicity animals: plutonium, radium, 
mesothorium, radiothorium and strontium 


pp. 2-12; 


B. J. Stover, N. Kevvier, K. C. HUMPHERYS 
and D. R. ATHERTON, Pu®® plasma con- 
centration and excretion. Summary of work 
to date pp. 36-44; 

D. R. ATHERTON, R. G. Horne, W. STEVENs, 
and B. J. Stover, Plutonium retention in 
the rat pp. 45-47; 

M. A. Van Ditta, S. WALLACH and J. S. 
ARNOLD, Sr® tracer studies in humans 
pp. 48-58. 

University of Utah, College of Medicine, Salt Lake 
City 12, Utah Radiobiology Laboratory, Semiannual 
Progress Report, 31 March 1957, AEQU-3522 
Toxicity and test animals pp. 1-12: 

C. E. Renrecp, G. N. Taytor and W. 
FisHER, Clinical section report pp. 13-54; 
J. H. DouGuerty and K. Seymour, Hema- 
tology report pp. 57-70; 

T. H. Cocuran, Histopathological findings 
pp. 73-85; 

W. S. S. Jez, P. Orrosen, R. Micat and 
M. Lowe, Bone: histopathologic and 
autoradiographic findings pp. 86—114; 

H. C. Gotpruorpe, S. BENNETT and R. A. 
O.sEN, Biochemical report pp. 115-131; 
B. J. Srover, D. R. ArHerton, D. S. Buster, 
W. Stevens and N. Ketier, Chemistry 
group report: plasma concentration and 
excretion rate measurements, Tissue measure- 
ments pp. 132-148; 

C. W. Mays, D. H. Taysum, R. L. FLoyp, 
M. A. Van Ditta, J. S. ArNoxvp and L. G. 
Despain, Effect of time after injection on 
fractional radon retention pp. 151-154; 

C. W. Mays, M. A. Van Ditta, W. S. S. 
Jez, J. S. Arnotp, D. R. ATHERTON, 
Fractional radon retention in individual 
bones pp. 155-171. 

Betsy J. Srover and D. R. ATHERTON, 
Metabolism of Sr® in adult beagle dogs. 
Proc. Soc. Exp. Biol. Med. 99, 201-205 (1958). 
Betsy J. Stover, D. R. ArHerton and N. 
KevLerR, Metabolism of Pu®®® in adult 
beagle dogs. Rad. Res. 10, 130-147 (1959). 

C. N. Srover, Jr. (Editor), GCOO-215 
University of Utah, College of Medicine, 
Salt Lake City, Utah. Radiobiology Laboratory, 
Annual Progress Report, 31 March, 1958. 

Case Histories pp. 19-51; 

J. H. Doucuerry and K. Seymour, Hema- 
tology Report pp. 58-73; 

W. S. S. Jez, J. S. ARNotp, R. S. Micat, 
B. Brrp, O. FREUDENBERGER and M. Lowe, 
Bone: Histopathologic and  autoradio- 
graphic studies pp. 74-97; 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


J. A. Twente, J. S. ARNoLp, C. W. Mays, 
D. H. Taysum and W. S. S. Jer, Localized 
dosimetry in bone pp. 98-101; 

H. C. Gotpruorpr, S. Bennett and E. 
WeEtTzKER, Biochemistry report pp. 102-115; 
B. J. Srover, D. R. Aruerton, D. S. 
Buster, N. Kevtiter and E. F. Hott, 
Further studies of plutonium metabolism 
pp.116—126; 

B. J. Srover, D. R. Aruerton, E. F. Hoir 
and D. S. Buster, Effect of EDTA on the 
excretion of Th??8 daughters pp. 127-132; 
B. J. Srover, D. R. Aruerrton, E. F. Hott 
and E. Werzker, Early excretion of Sr® 
pp. 134-138; 

C. W. Mays, D. H. Taysum and W. FisHer, 
Retention of Sr®° in dogs via Bremsstrah- 
lung counting pp. 139-146; 

C. W. Mays, D. H. Taysum and B. W. 
GLAD, Potassium-40 and cesium-137 in 
humans pp. 147-154; 

H. HotuincsuAus and CW Mays, Changes 
in mechanical strength of bone due to 
internally deposited radioelements pp. 158-— 
179. 


C. N. Stover, Jr. (Editor), GOO-217 
University of Utah, College of Medicine, 
Salt Lake City, Utah. Radiobiology Labora- 
tory. Semi-annual Progress Report. September 
30, 1958. 

C. E. Reurevp, W. FisHer and J. NrEtson, 
Tabulation of the rate of loss of teeth in 
irradiated and normal animals pp. 20-29; 
C. E. ReHFewp and staff, Case histories of 
dogs pp. 34-64; G. N. Taytor, C. E. 
REHFELD, G. SCHNEEBELI and W. FIsHER, 
Observations regarding the pathologic 
alteration in the eyes of beagles carrying 
burdens of Ra? pp. 66-84; 

Jean H. Dovucuerty and KAaArHERYN 
Seymour, Hematology report pp. 85-95; 
H. C. Goipruorre and S. Bennett, Bio- 
chemistry report pp. 96-101; 

B. J. Srover and D. R. ArHerton, Note 
on Ra?*6 in beagle eyes pp. 102-103; 

B. J. Srover, D. R. Aruerton and N. 
Ke.vter, Pb?!” (ThB) tracer studies in 
adult beagle dogs pp. 104-113; 

D. R. Arnerton, E. Horr and B. J. 
Srover, Analysis of excreta for Sr® pp. 
114-117; 

D. R. Arnerton, C. W. Mays and B. J. 
SroveR, Radionuclide distribution in 
adult beagle bones pp. 118-125; 


Su-1 


Su-2 


309 


B. W. Gtap, W. FisHer and C. W. Mays, 
Strontium retention and bone metabolism 
experiments—III pp. 126-141 R. L. 
Lance, R. P. Caruste, A. S. Rusy, 
C. W. Mays, B. W. Giap and D. H. Tay- 
sum, Effect of low potassium diet on potas- 
sium in serum and the whole body pp. 142- 
146; 

J. A. Twente and W. S. S. Jer. Localized 
dosimetry in bone pp. 147-160; 

C. W. Mays, Determination of localized 
alpha dose—I. With particular emphasis on 
plutonium pp. 161-181. 


Betsy J. Srover, Metabolism of radioactive 
isotopes which deposit mainly in the skeleton 


Health Phys. 1, 373-378 (1959). 


J. B. Storer, P. SANDERs, J. FURCHNER and 
J. Wettnirz, Relative Acute Toxicological 
Effects of Uranium-233 and Uranium-238, 
LA-1423 (1952). 


J. B. Storer, W. H. Lancuam, L. E. 
ELLinwoop, J. E. FuRCHNER, W. ScHwEIT- 
zeR and P. SANDERS, Chronic Toxicity of U?3% 
and U?88 Delayed Effects in Rats Following a Single 
Injection. LA-1634 (1953). 


J. H. Sterner and V. Lepreipt, The 
selenium content of “normal’’ urine. J. 
Pharmacol. Exp. Therapeutics 73, 205-211 


(1941). 


V.N. Srrevtsova and L. A. BuLDAKov, Data 
on the toxicology of radioactive ruthenium 
in administration via the alimentary tract. 
Med. Radiol. No. 5, 37-50 (1958); Nuclear 
Sci. Abstr. 13, 2673 (1959). 

R. H. Stevens, Radium poisoning. Radiology 
39, 39-47, 739 (1942). 

A. R. Stevens, Jr., P. L. Wurre, D. M. 
Hecstep and C. A. Fincu, Iron excretion 
in the mouse. J. Biol. Chem. 203, 161-165 
(1953). 

J. M. Coon (Director), M. F. SuLiivan, 
J. Doutt and K. P. DuBors, TID-365 (1950). 


J. M. Coon (Director), University of Chicago 
Toxicity Laboratory, Quarterly Progress Report 
Number 6 on Radiobiology, M-4505 (1950). 
M. F. Sututvan, J. Doutt and K. P. 
DuBors, Metabolism and toxicity of radio- 


active metals. Yttrium-91, zirconium-95, 
columbium-95, strontium-89 and tantalum- 
182. 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


J. M. Coon (Director), University of Chicago 
Toxicity Laboratory, Quarterly Progress Report 
Number 4 on Radiobiology, TID-364 (1950). 
J. Doutt, M. F. Sutirvan and K. P. 
DuBors, Studies on the metabolism and 
toxicity of radioactive metals. Yttrium-91 
and tantalum-182. 

W. H. Sutuivan, Trilinear Chart of Nuclides, 
1957. United States Government Printing 
Office, Washington (1957). 

J. F. Kincam, J. S. Srrone and F. W. 
SUNDERMAN, Nickel poisoning. I. Experi- 
mental study of the effects of acute and 
subacute exposure to nickel carbonyl. 
Amer. Med. Assoc. Arch. Industr. Hygiene 
Occ. Med. 8, 48-60 (1953). 

F. W. SunperRMAN and J. F. Krincamn, 
Nickel poisoning. II. Studies on patients 
suffering from acute exposure to vapors of 
nickel carbonyl. J. Amer. Med. Assoc. 155, 
889-894 (1954). 

F. W. SuNDERMAN and F. Boerner, Normal 
Values in Clinical Medicine, Saunders, Phila- 
delphia (1950). 

R. E. Trepescut and F. W. SuNDERMAN, 
Nickel poisoning. V. Metabolism of nickel 
under normal conditions and after exposure 
to nickel carbonyl. Amer. Med. Assoc. Arch. 
Industr. Hlth. 16, 486-488 (1957). 

G. S. BucHANan and S. B. Scuryver, The 
presence of tin in canned foods. Report to 
the Local Government Board, December 
1908. Reports of Inspector of Foods, No. 7. 
Brit. Food J. 11, 101-103 (1909). 

R. L. Suirtey, E. J. Benne and E. J. 
MiL.er, Cadmium in biological materials 
and foods. Analyt. Chem. 21, 300-303 (1949). 
R. L. Suirtey, Placental transfer of Mo®® 
and Ca® in swine, J. Nutrition 54, 59-64 
(1954). 

M. N. Swirt, S. T. Taketra and V. P. 
Bonp. Efficacy of Hematopoietic Protective 
Procedures in Rats X-irradiated with Intestine 
Shielded. USNRDL-TR-64 (1955). 

M. N. Swirt, S. T. TAKeETA and V. P. Bonp 
Effect of Regionally Fractionated X-irradiation 
Equivalent in Dose to Acutely Lethal Total- 
Body Exposure. USNRDL-405 (1953). 

A. J. Lugssennop, J. C. GALLiwMore, W. H. 
Sweet, E. G. Srruxness and J. Rosrnson. 
The toxicity in man of hexavalent uranium 
following intravenous administration. Amer. 
J. Roentgenol. 79, 83-100 (1958). 


Sy-1 


Sz-l 


Th-2 


P. D. SHANDLEY, Radium Content of Common 
Foods, UR-255 (1953). 


M. L. SizELanp, The Spectrographic Estimation 
of Trace Elements in Animal Eye Lenses, 
AERE, C/R 1002 (1952). 


H. Tarver and C. L. A. Scumipt, Urinary 
sulfur partition in normal and cystinuric 
dogs fed labeled methionine. J. Biol. Chem. 
167, 387-394 (1947). 


H. Tarver and C, L. A. Scumipt, Use of 
radioactive sulfur, S*°, for metabolic studies. 
J. Appl. Phys. 12, 323-324 (1941). 


F. Frirepsperc, H. Tarver and D. M. 
GREENBERG, The distribution pattern of 
sulfur-labeled methionine in the protein 
and the free amino acid fraction of tissues 
after intravenous administration. J. Biol. 


Chem. 173, 355-361 (1948). 


H. Tarver and L. M. Morse, Release of 
the sulfur from the tissues of rats fed labeled 
methionine. J. Biol. Chem. 173, 53-61 
(1948). 


I. R. TasersHaw, Radium dial painting— 
Medical status of workers, J. Jndustr. 
Hygiene Toxicol. 28, 212-216 (1946). 


Fumio ‘TAKENAKA, ‘TsuyosHt HAsHIMOTO 
and Takenospu Honco, Pharmacological 
studies on the phosphorus metabolism of the 
brain with radioactive phosphorus-32. Folia 
Pharmacol. Japan. 50, No. 2, 161-168 (1954) ; 
Chem. Abstr. 49, 9148 e (1955). 


G. V. Taptiin, J. S. Grevior, M. L. Gaut- 
scHl, C. FINNEGAN and A. Dunn, Pulmonary 
distribution of radioactive particles in 
rabbits after inhalation and intravenous 
injection. Ann. Allergy 9, 703-713 (1951) 


D. L. Tasern, J. D. Taytor and G. I. 
GLEASON, Radioisotopes in pharmaceutical 
and medical studies: I and II. Nucleonics 
7, Nos. 5-6, 3-23 and 40-56 (1950). 


J. D. Taytor, R. K. Ricuarps and D. L. 
TABERN, Metabolism of S*® thiopental 
(pentothal). Chemical and paper chromato- 
graphic studies of S* excretion by the rat 
and monkey. J. Pharmacol. Exp. Therapeutics 
104, 93-102 (1952). 


D. M. Tuomson, Effect of Age and Low 
Phosphorus Rickets on the Metabolism of Calcium- 
45 in Rats. UCRL-2302 (1953). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


N. TuyreEsson, Experimental investigation on 
thallium poisoning in the rat. Distribution 
of thallium, especially in skin and excretion 
of thallium under different experimental 
conditions. A study with use of radioactive 
isotope TI?®4, Acta Dermato-Venereol. 31, 
3-27 (1951). 

H. J. Born, H. A. Timorterr-REessowsky 
and P. M. Wotr, Versuche iiber die 
verticlung des mangans im_ tierischen 
organismus mit Mn*® als indikator. Natur- 


wissenschaften 31, 246-247 (1943). 


J. Karz, M. H. Weeks and R. C. THompson, 
Gastrointestinal Absorption of Plutonium. II. 
Effect of Plutonium Concentration in Solution Fed, 
HW-30220 (1954). 

R. C. THompson, Effect of Body Distribution 
and Retention of Tritium on the Hazard of 
Exposure to Tritium Oxide, HW-30340 (1954). 


R. C. THompson and J. E. BALLou, Studies 
of Metabolic Turnover with Tritium as a Tracer. 
III. Comparative Studies with Tritium and 
Deuterium, HW-28595 (1953) or J. Biol. 
Chem. 206, 101-107 (1954). 


R. C. Tuompson and J. E. BALiou, Studies 
of Metabolic Turnover with Tritium as a Tracer. 
IV. Metabolically Inert Lipid and Protein 
Fractions from the Rat, HW-30082 (1953) or 
J. Biol. Chem. 208, 883-888 (1954). 


R. C. TuHompson, Studies of metabolic 
turnover with tritium as a tracer. I. Gross 
studies on the mouse. J. Biol. Chem. 197, 
81-87 (1952). 


R. C. TuHompson, Studies of metabolic 
turnover with tritium as a tracer. II. Gross 
studies on the rat. J. Biol. Chem. 200, 
731-743 (1953). 

R. C. THompson, 
Program Directors of the 
October 1952. 


C. W. DeLona, R. C. THompson and H. A. 
KoRNBERG, Percutaneous absorption of 
tritium oxide. Amer. J. Roentgenol. 71, 
1038-1045 (1954). 


M. H. Weeks, W. D. Oak.ey and R. C. 
Tuompson, Influence of Plutonium Concentration 
on Effectiveness of Therapeutic Agents, HW-32399 
(1954). 


R. C. THompson, Gross Retention and Meta- 
bolism of Tritium Oxide in the Mouse, HW- 
20092 (1951). 


Minutes of Biomedical 
USAEC, 13-14 


Th-11 


Th-12 
Th-13 


Th-14 


Th-15 


311 


R. C. THompson, Retention by Mice of Tritium 
Administered as the Oxide, HW-21494 (1951). 


R. C. THompson, HW-25008 (1952). 


R. C. Tuompson, Biological applications of 
tritium. Nucleonics 12, No. 8, 31-35 (1954). 


R. C. THompson and H. A. Kornserc, 
HW-29615 (1954). 


R. C. THompson, O. L. Hoiuis and W. D. 
Oak Ley, Evaluation of Biological Hazards from 
Ruthenium Particulates. 1. Studies of Percutaneous 
Absorption, Gastrointestinal Absorption and Gas- 
trointestinal Holdup, HW-41519 (1956). 

J. E. Batitou and R. C. THompson, Physio- 
logical Parameters for Assessing the Hazard of 
Exposure to Ruthenium Radioisotopes. 11. Chronic 
Exposure Studies, HW-46409 (1956). 

R. C. THompson and O. L. Hous, /rradia- 
tion of the Gastrointestinal Tract of the Rat by 
Ingested Ruthenium-106, HW-45546 (1956). 
J. E. BAtLou and R. C. THompson. Metabo- 
lism of cesium-137 in the rat. Comparison 
of acute and chronic administration experi- 
ment. Health Phys. 1, 85-89 (1958). 

R. C. THompson and J. E. BAtiou, Gross 
Metabolism of Water in the Rat as Deduced from 
Studies with Tritium Oxide. Abstract of Papers 


presented at the American Chemical Society, 
125th Meeting, 24 March-1 April 1954, 
Kansas City, Missouri. Paper no. 49, p. 20C. 
R. C. THompson, M. H. Weeks, O. L. 
Ho.us, J. E. BALLou and W. D. Oak ey, 


Physiological Parameters for Assessing the 
Hazard of Exposure to Ruthenium Radioisotopes, 
HW-41422 (1956). 

J. E. Battou and R. C. THompson, The 
Long Term Retention of Cesium in the Rat 
Following a Single Intraperitoneal Injection, 
HW-46150 (1957). 

R. C. THompson and J. E. BAtiou, Studies 
of Metabolic Turnover with Tritium as a Tracer. 
V. The Predominantly Non-Dynamic State of 
Body Constituents in the Rat, HW-42200 (1956) 
or J. Biol. Chem. 223, 795-809 (1956). 


M. H. Weeks, W. D. Oaktey, J. Karz and 
R. C. Tuompson, Absorption of Plutonium 
Through the Skin of the Rat: Rates of Penetration 
and Methods for Skin Decontamination, HW- 
30232 (1953). 

R. F. Patmer, R. C. THompson and H. A. 
KornseErG, Effect of calcium on deposition 


of strontium-90 and calcium-45 in rats. 
Science 127, 1505-1506 (1958). 


312 


Th-25 


Ti-5 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


R. C. THompson, M. H. Weeks, O. L. 
Ho us, J. E. BALLou and W. D. OAkLey, 
Metabolism of radio-ruthenium in the rat. 
Amer. J. Roentgenol. 79, 1026-1044 (1958). 


M. F. SuttrvAn and R. C. THompson, 
Absence of lethal radiation effects following 
massive oral administration of plutonium. 
Nature, Lond. 180, 651-652 (1957). 


R. C. THompson and O. L. Ho us, Irradia- 
tion of the gastrointestinal tract of the rat by 
ingested ruthenium-106. Amer. J. Physiol. 


194, 308-312 (1958). 


R. F. PAtmer, R. C. THompson and H. A. 
KornserG, Factors affecting the relative 
deposition of strontium and calcium in the 
rat. Science 128, 1505-1506 (1958). 


C. I. Tuomas, M. S. Bovincton and J. S. 
KrouHMER, Uptake of radioactive phos- 
phorus in experimental tumors. I. Com- 
parison of radioactivity in neoplastic and 
normal ocular tissue. Cancer Res. 16, 796-803 
(1956). 


I. H. Tipton, R. L. STeiner, W. D. FoLanp, 


J. Muevver and M. Stantey, Spectrographic 


Analysis of the Tissues from Autopsies of 
Twenty-Four Instantaneous Deaths, ORNL-CF- 
54-12-66 (1954). 

I. H. Tipton, M. J. Coox, R. L. Sremer, 
W. D. Foianp, D. K. Bowman and K. K. 
McDanteL, Progress Report: Spectrographic 
Analysis of Tissues for Trace Elements, 1 July 
1955 through 31 December 1955, ORNL-CF- 
56-3-60 (1956). 


Personal communications from I. H. Tipton, 
10 February 1956, 15 February 1956 and 
June 1956. 


I. H. Tipron, M. J. Cook, R. L. Srerner, 
J. M. Fotanp, K. K. McDaniet and S. D. 
FENTRESS, Spectrographic Analysis of Normal 
Human Tissue from Dallas, Texas, ORNL-CF- 
57-2-3 (1957). 

I. H. Tieton, M. J. Coox, R. L. STEINER, 
J. M. Foranp, K. K. McDaniet and 
S. D. Fentress, Spectrographic Analysis of 
Normal Human Tissue from Miami, Florida, 
ORNL-CF-57-2-4 (1957). 

I. H. Treron, M. J. Coox, R. L. STetner, 
J. M. Foranp, K. K. McDantret and 
S. D. Fentress, Spectrographic Analysis of 
Normal Human Tissue from Baltimore, Maryland, 
ORNL-CF-57-11-33 (1957). 


Ti-7 


I. H. Treron, M. J. Cook, J. M. Foianp, 
J. Rirrner, M. Harpwicu and K. K. 
McDanrex, Spectrographic Analysis of Normal 
Human Tissue from Seattle and Tacoma, 
Washington, ORNL-CF-58-10-15 (1958). 


N. W. Tietz, E. F. Hirscu and B. NeyMan, 
Spectrographic study of trace elements in 
cancerous and noncancerous human tissue. 


J. Amer. Med. Assoc. 165, 2187-2192 (1957). 


S. H. Jackson, F. F. Tispati, T. G. H. 
Drake and D. WicHTMAN, Retention of 
fluorine when fed as bone and as sodium 
fluoride. J. Nutrition 40, 515-535 (1950). 


N. A. Tatvitie and W. D. Wacner, Studies 
in vanadium toxicology. II. Distribution and 
excretion of vanadium in animals. Amer. 
Med. Assoc. Arch. Industr. Hygiene Occ. Med. 
9, 414-422 (1954). 


B. Rayner, M. Turr and J. VAUGHAN, 
Deposition of yttrium-91 in rabbit bones. 


Brit. J. Exp. Pathol. 34, 138-145 (1953). 


B. Kipman, M. L. Turr and J. M. VAUGHAN, 
Retention and excretion of radioactive 
strontium and yttrium (Sr®*, Sr® and Y%) 
in the healthy rabbit. J. Pathol. Bacteriol. 
62, 209-227 (1950). 


J. Jowsey, B. Rayner, M. Turr and J. 
VAUGHAN, The deposition of Sr® in rabbit 
bones following intravenous injection. Brit. 


J. Exp. Pathol. 34, 384-391 (1953). 


J. Jowsey, M. Owen and M. Turrt, Reten- 
tion and excretion of Sr® by adult rabbits. 
Brit. J. Exp. Pathol. 36, 22-26 (1955). 


J. Jowsey, M. Owen and J. VAuGHAN, 
Microradiographs and autoradiographs of 
cortical bone from monkeys injected with 


Sr®. Brit. J. Exp. Pathol. 34, 661-667 (1953). 


M. Turr, B. Kipman, B. RAYNER and 
J. Vaucuan, The deposition of Sr®® in 
rabbit bones following intravenous injection. 
Brit. J. Exp. Pathol. 33, 207-215 (1952). 


B. Kirpan, B. Rayner, M. L. Turr and 
J. M. Vaucuan, Autoradiographic studies 
of the deposition of Sr®® in rabbit bones. 
J. Pathol. Bacteriol. 64, 453-459 (1952). 


B. Krpman, M. L. Turr and J. M. VauGHan, 

The retention of radioactive strontium and 
yttrium (Sr8*, Sr® and Y®) in pregnant 
and lactating rabbits and their offspring. 
J. Pathol. Bacteriol. 63, 253-268 (1951). 


Tm-9 


Tm-10 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


B. Kipman, M. Turr and J. VAuGHAN, 
Excretion of yttrium-91 in rabbits. Nature, 
Lond. 167, 858 (1951). 


M. Turr and J. VAUGHAN, Metabolism of 
radioactive strontium in the rabbit. Biochem. 
J. 44, No. 4 xxxv (1949). 


J. Vaucuan, M. Turr and B. Kipman, 
The biological hazard of radioactive stron- 
tium. In Biological Hazards of Atomic Energy 
(Edited by A. Happow) pp. 145-170. 
Oxford University Press (1952). 

A. TANNENBAUM (Editor), Toxicology of 
Uranium. McGraw-Hill, New York (1951). 


A. TANNENBAUM and H._ SILVERSTONE, 
Toxicology of Uranium Compounds. Progress 
Report on Injection and Ingestion to 31 October 
1944, MDDC-615. 


A. TANNENBAUM, H. SILVERSTONE and 
J. Kozto.t, Tracer Studies on the Distribution 
and Excretion of Uranium in Mice, Rats and Dogs, 
AECD-2167 or CH-3659 (Released 1948). 


H. E. Tuomas and F. H. Bruner, Chronic 
radium poisoning in rats. Amer. J. Roentgenol. 
29, 641-662 (1933). 


R. O. Tuomas, T. A. Lrrovirz, M. I. Rusin, 
and C. F. GescuickTER, Dynamics of calcium 


metabolism. Time distribution of intra- 
venously administered radiocalcium. Amer. 
J. Physiol. 169, 568-575 (1952). 

R. G. Tuomas, Metabolism of Thorium-230 


(Ionium) Administered by Intratracheal Injection 


to the Rat, UR-480 (1957). 


G. A. Smiru, R. G. THomas, B. BLAck and 
J. K. Scorr, The Metabolism of Indium-114m 
Administered to the Rat by Intratracheal In- 
tubation, UR-500 (1957). 

R. G. Tuomas, Studies on Polonium in the 
Blood. Ph.D. Thesis, University of Rochester 
(1955). 

B. M. Torsert, Estimated Radiation Dosage 
in Man Administered Morphine-N-Methyl-C™, 
UCRL-3806 (1957). 

D. H. Tomi, K. M. Henry and S. K. 
Kon, The interstitial metabolism of calcium 


in the bones and teeth of rats. Brit. J. 
Nutrition 9, 144—156 (1955). 

D. H. Tomurn, K. M. Henry and S. K. 
Kon, Autoradiographic study of growth and 


calcium metabolism in the long bones of the 
rat. Brit. J. Nutrition 7, 235-252 (1953). 


Tp-l 


313 


H. J. Tempteron, B. M. Rix and R. 
THomson, Absorption rate of bismuth 
compounds. Arch. Dermatol. Syphil. 21, 739- 
756 (1930). 


S. A. THREEFooT, G. BurcH and P. RAEsErR, 
Biologic decay periods of sodium in normal 
man, in patients with congestive heart 
failure and in patients with nephrotic 
syndrome as determined by sodium-22 as the 
tracer. J. Lab. Clin. Med. 34, 1-13 (1949). 


S. A. THreeroot, G. E. Burcu and C. T. 
Ray, The biologic decay rates and excretion 
of radiocesium, Cs!4, with evaluation as a 
tracer of potassium in dogs. J. Lab. Clin. Med. 
45, 313-322 (1955). 


G. E. Burcu, S. A. THreeroor and C. T. 
Ray, Rate of disappearance of rubidium-86 
from the plasma, the biologic decay rates 
of rubidium-86 and the applicability of 
rubidium-86 as a tracer of potassium with 
and without congestive heart failure. J. 
Lab. Clin. Med. 45, 371-394 (1955). 


C.T. Ray, G. E. Burcu andS. A. THREEFOOT, 
Biologic decay rates of chloride in normal 
and diseased man determined with long-life 
radiochlorine, Cl®®, J. Lab. Clin. Med. 39, 
673-696 (1952). 


S. A. THreeroot, G. E. Burcu and C. T. 
Ray, Chloride “space”’ and total exchanging 
chloride in man measured with long-life 
radiochloride, Cl®®. J. Lab. Clin. Med. 42, 
16-33 (1953). 


G. E. Burcu, T. Ray, S. A. THREEFOOT, 
F. J. Kerry and A. Svepperc, Urinary 
excretion and biologic decay periods of 
radiomercury labeling a mercurial diuretic 
in normal and diseased man. J.’Clin. Invest. 


29, 1131-1138 (1950). 


G. E. Burcu, C. T. Ray and S. A. THREE- 
FOOT, Studies of the use of Rb*®® as a tracer 
of potassium in man. International Conference 
on the Peaceful Uses of Atomic Energy, Geneva, 
August 1955, Vol. X, pp. 458-468, Paper No. 
P/844. 


C. T. Ray, S. A. THreeFootr and G. E. 
Burcu, The excretion of radiorubidium, 
Rb**, radiopotassium, K**, and potassium, 
sodium and chloride by man with and 
without congestive heart failure. J. Lab. 
Clin. Med. 45, 408-430 (1955). 


314 


Tru-l 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


R. Trunaut, P. BLANQuet and L. Capor, 
The distribution of radioactive thallium in 
the rat. C. R. Acad. Sci., Paris 245, 116-119 
(1957). 

S. L. Tompsetr, Distribution of lead in 
human bones. Biochem. J. 30, 345-346 (1936). 


S. L. Tompsetr and A. B. ANpEerson, The 
lead content of human tissues and excreta. 


Biochem. J. 29, 1851-1864 (1935). 


S. L. Tompsetr, The copper and “inorganic” 
iron contents of human tissues. Biochem. J. 
29, 480-486 (1935). 


F. W. Tauper and A. C. Krause, Role of 
iron, copper, zinc and manganese in meta- 
bolism of ocular tissues with special reference 
to the lens. Amer. J. Opthalmol. 26, 260-266 
(1943). 

R. Tupper, R. W. E. Warts and A. 
WorMaLL, The incorporation of zinc-65 
in mammary tumours and some other tissues 
of mice after injection of the isotope. 


Biochem. J. 59, 264—268 (1955). 


F. M. Turner, Some Notes on Indium with 
Special Reference to its Toxic Properties, ALRE, 
MED/M 18 (1957). 


S. Taytor and F. S. Stewart, Distribution 
of radioiodine in human thyroid gland. 
Lancet 2, 232-235 (1951). 


S. Taytor, Uptake of radioactive zinc 
in vitro by the prostate. Nature, Lond. 179, 
585 (1957). 


M. P. Tyor and J. S. Etprice, A com- 
parison of the metabolism of rubidium-86 
and potassium-42 following simultaneous 
injection into man. Amer. J. Med. Sci. 232, 
186-193 (1956). 

F. P. Unperuimt and F. I. Prtrerman, 
Studies in the metabolism of aluminum. 
I. Method of determination of small amounts 
of aluminum in biological material; II. 
Absorption and depostiion of aluminum 
in the dog; III. Absorption and excretion 
of aluminum in normal man; IV. The fate 
of intravenously injected aluminum; V. 
Relation of age to the amount of aluminum 
in tissues of the dog; VI. Occurrence of 
aluminum in the human liver and kidney; 
VII. Aluminum content of some fresh foods; 
VIII. A note on the toxic effects produced 
by subcutaneous injection of aluminum 
salts. Amer. J. Physiol. 90, 1-82 (1929). 


Uk-1 


H. Ucko, Investigations into presence and 
role of bromine in the body. Biochem. J. 
30, 992-1000 (1936). 


E. J. UnpERwoop, Trace Elements in Human 
and Animal Nutrition. Academic Press, New 
York (1956). 


P. F. Urone and H. K. Anpers, Determina- 
tion of small amounts of chromium in 
human blood, tissues and urine. Analyt. 
Chem. 22, 1317-1321 (1950). 


T. T. Overt, Jr. and A. C. Upton, Dis- 
tribution of calcium-45 in platelets and bone 
marrow of rats. Acta Haematol. 14, 291-293 
(1955). 


University of Tennessee—Atomic Energy Com- 
mission Agricultural Research Program, Semi- 
Annual Progress Report for 1 January 1955 to 
30 June 1955, ORO-145. 


Fission Product Metabolism in Animals. 


A. Influence of potassium content of 
ration on excretion and 
retention. 

Influence of potassium content of 

ration to cesium absorption and 

metabolism. 

Relation of sodium and potassium 

content of ration to retention and 

excretion of cesium-134. 

Influence of salt (NaCl) content of 

ration on retention of cesium. 

Influence of the hormones, parathy- 

roid, cortisone and dienestrol diace- 

tate on retention of cesium. 

Factors controlling absorption, reten- 

tion and excretion of strontium. 

The fractions of casein and other 

concentrates which control the meta- 

bolism of Sr-89. 

Influence of dienestrol diacetate on 

retention of Sr-89. 

Influence of versene and dienestrol 

diacetate on absorption and retention 

of strontium-89. 

Controlling the absorption, distribu- 

tion and excretion in sheep of stron- 

tium-89. 

Influence of maternal diet and type of 

protein on absorption, retention and 

excretion of calcium and strontium. 
. Metabolism of zirconium-niobium 95. 
. Studies on the distribution and meta- 

bolism of lanthanum. 


cesium 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 315 


Calcium Metabolism in Animals. 


I. Absorption and internal distribution- 
D. Maintenance requirements and 
physiological behavior of radio- 
calcium in sheep and swine. 

II. Interrelationships with minerals, vita- 
mins, hormones and other factors. 

A. Placental transfer of calcium-45 
in the rat. 

B. Effect of age and dietary protein 

level upon calcium and phospho- 
rus behavior in the rat. 
Effects of low vitamin D upon 
calcium and _ phosphorus _be- 
havior in the rat on low and 
normal planes of calcium nutri- 
tion. 


Radtoisotopes in the Investigations of the Physiology 


of Milk Secretion. 
A. The secretion of radioactive iodine 
(1-131) in milk. 
B. The uptake of radioactive iodine by 
dairy cows. 


Radium-Strontium Sheep Report. 


University of Tennessee—Atomic Energy Com- 
mission Agricultural Research Program, Semi- 
Annual Progress Report for 1 January 1957 
to 30 June 1957, ORO-169. 


Fission Product Metabolism in Animals. 

A. Nutritional factors influencing the 
excretory pattern of cesium-134 in 
rats pp. 6-10. 

Nutritional factors influencing the 
metabolism of ces um-134 by rats fed 
des ccated thyroid pp. 11-14. 

The influence of vitamin B,, on the 
retention of inorganic S-35, Ca-45 
and Sr-89 in the rat pp. 15-16. 

. Relation of vitamin B,,, methionine 
and sulfate to Mo-99 and Mn-54 
metabolism in the rat pp. 16-20. 
The effect of the sulfate ion on the 
metabolism of Mo-99 in the rat p. 20. 
Effect of source of fat on the meta- 
bolism of calcium and strontium in 
rats pp. 21-22. 

. The effect of the level of phosphorus, 
calcium and magnesium content of the 
diet on zinc metabolism in the rat 
pp. 22-24. 


Mineral Metabolism in Animals. I. Absorption 
and internal distribution. 


A. The influence of aluminum and zinc 
upon the absorption and retention of 
calcium and phosphorus in lambs 
p. 25. 

Utilization of calcium phytate by 
sheep p. 26. 

Effect of chemical nature of phos- 
phorus upon availability to sheep p. 
26. 


University of Tennessee—Atomic Energy Com- 
mission, Agricultural Research Program, Semi- 
Annual Progress Report for 1 January 1956 to 
30 June 1956, ORO-160 (1957). 
Fission Product Metabolism in Animals. 
A. Factors influencing the excretory pat. 
tern of cesium-134 in rats pp. 7-24. 
B. Influence of some natural feedstuffs 
on metabolism of cesium-134 and 
potassium-42 in swine pp. 25-27. 
D. Influence of calcium and phosphorus 
on strontium metabolism in dairy 
cows pp. 28-29. 
Mineral Metabolism in Animals. I. Absorption 
and internal distribution. 
A. Measurement of total body water in 
sheep pp. 30-37. 
Comparison of radium and Sr-90 radio- 
toxicity pp. 57-58. 
R. Ottver and J. VAUGHAN, An attempt to 
assess the dosage of strontium-90 received by 
young rabbit bone. Brit. J. Radiol. 29, 
668-672 (1956). 


J. M. Vaucuan, The effects of radiation on 
bone. In The Biochemistry and Physiology of 
Bone (Edited by G. H. Bourne) Ch. 23, 
pp. 729-765. Academic Press, New York 
(1956). 


M. Owen, H. A. Sissons and J. VAUGHAN, 
The effect of a single injection of high dose of 
Sr® (500-1000 wec/kg) in rabbits. Brit. J. 
Cancer 11, 229-248 (1957). 


L. Lea and J. VAuGHAN, The uptake of 
S* in cortical bone. Quart. J. Microscop. 
Sci. 98, 369-375 (1957). 


M. HinpMarsH and J. VaAuGHAN, The 
distribution of radium in certain bones from 
a man exposed to radium for thirty-four 
years. Measurement of body radioactivity. 
Brit. J. Radiol., Suppl. No. 7. (Papers read 
at a conference held at Leeds on 16-17 April 
1956 pp. 71-80). 


316 


Va-6 


Va-7 


Va-8 


Ve-l 


Vce-2 


Vce-3 


Vc-4 


Ve-5 


Vd-l 


Vd-2 


Vd-3 


Vd-4 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


M. HinpmarsH, M. Owen, J. VAUGHAN, 
L. F. Lamerton and F. W. Sprers, The 
relative hazards of strontium-90 and radium- 
226. Brit. J. Radiol. 31, 518-533 (1958). 


W. Hoteate, R. H. Mote and J. VAuGHAN, 
Accumulation of strontium-90 in dental 
tissues. Nature, Lond. 182, 1295 (1958). 


R. H. Mote, A. Pirre and J. M. VAUGHAN, 
Differential distribution of radioactive stron- 
tium and yttrium in the tissues of the rabbit’s 
eye. Nature, Lond. 183, 802-807 (1959). 


C. D. VANCLEAvE and C. T. Kaytor, 
Distribution and retention of carrier-free 
radioberyllium in the rat. Amer. Med. 
Assoc. Arch. Industr. Hygiene Occ. Med. 7, 
367-375 (1953). 


C. D. VanC.eave, A_ radioautographic 
study of the localization of radioactive 
europium in certain tissues of the rat. 
Anat. Rec. 103, 514-515 (1949). 


C. T. Kaytor and C. D. VANCLEAVE, 
Radiographic visualization of the deposition 
of radioberyllium in the rat. Anat. Rec 
117, 467-481 (1953). 

C. D. VANCLEAVE and C. T. Kaytor, 
Distribution, retention and elimination of 
beryllium-7 in the rat after intratracheal 
injection. Amer. Med. Assoc. Arch. Industr. 
Hith. 11, 375-392 (1955). 


C. D. VaNnCLEAvE and C. T. Kaytor, 
Strontium/calcium ratios in parts of rat 
femur. Proc. Soc. Exp. Biol. Med. 98, 623-625 
(1958). 

M. A. Van Diita and B. J. Stover, On the 
role of radiothorium (Th?%) in radium 
poisoning. Radiology 66, 400-401 (1956). 

R. L. Froyp, D. H. Taysum and M. A. 
Van Dita, Release of radon from skeletal 
radium deposits. Rad. Res. 3, 225 (1955). 
M. A. Van Ditta, B. J. Stover and J. S. 
ARNOLD, On the retention and translocation 
of Ra®4 (Th X) in dogs. Amer. J. Roentgenol. 
77, 503-511 (1957). 

Semi-Annual Progress Report—30 September 
1955, Radiobiology Laboratory, University of 
Utah, College of Medicine, AECU-3109. 
M. A. Van Dita, J. S. ARNoLD and R. L. 
FLoyp, Radon escape from bone containing 
radium; 

M. A. Van Ditta, B. J. Stover and J. S. 
ARNOLD, On the question of Rn®” trans- 
location in Ra?*8 dogs. 


Vd-5 


Vd-6 


Ve-l 


Ve-2 


Ve-3 


Ve-4 


Ver-l 


Vg-1 


Vi-1 


Vk-1 


Vi-1 


Vn-l 


C. W. Mays, M. A. Van Dita, R. L. 
FLoyp and J. S. ARNo.p, Radon retention 
in radium-injected beagles. Rad. Res. 8, 
480-489 (1958). 


M. A. Van Ditta, B. J. Stover, R. L. 
Fioyp, D. R. ATHERTON and D. H. Taysum, 
Radium (Ra**) and radon (Em?22) meta- 
bolism in dogs. Rad. Res. 8, 417-437 (1958). 


B. L. VALLEE, The metabolic role of zinc. 
J. Amer. Med. Assoc. 162, 1053-1057 (1956). 


B. L. VALitez, R. G. FLunarty and J. G. 
Gipson, II. Distribution of zinc in normal 
blood and organs studied by means of zinc-65 
Acta Int. Un. Cancer 6, 869-873 (1949). 


J. E. Netson, J. G. Grsson, II, B. L. VALLEE 
and M. A. Van Dita, Effect of radioactive 
strontium on peripheral blood picture of the 
normal dog. Acta Int. Un. Cancer 6, 819-824 
(1949). 


B. L. VALLEE and R. G. FLunarty, Zinc 
metabolism studied by means of the radio- 
active isotope, 39Zn®* J. Clin. Invest. 26, 
1199 (1947). 


I. N. VERKHOvSKAYA, Role of bromine in 
animal body—lI. Distribution of bromides 
in the body of rats, determined with the aid 
of radiobromine. Jzv. Akad. Nauk SSSR, Ser. 
Biol. 114-127 (1950). Also in Nuclear Sci. 
Abstr. 5, 38 (1951). 


A. P. Vinocrapov, Biological role of 
potassium-40. Nature, Lond. 180, 507-508 
(1957). 


W. J. Visex, L. L. BARNEs and J. K. Loosut, 
Calcium metabolism in lactating goats as 
studied with Ca* following oral and intra- 
venous administration. J. Dairy Sci. 35, 


783-792 (1952). 


P. VENKATESWARLU and D. NARAYANARAO, 
Distribution of fluorine in the tissues of rats. 
Indian J. Med. Res. 45, 387-389 (1957). 


J. F. Votxer, R. F. Socnnags and B. G. 
Brissy, Studies on the distribution of radio- 
active fluoride in the bones and teeth of 
experimental animals. Amer. J. Physiol. 


132, 707-712 (1941). 


A. H. Van Ravesteyn, Metabolism of 
copper in man. Acta Med. Scand. 118, 163- 
196 (1944). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


C. VorctTuin and H. C. Hopce (Editors), 
Pharmacology and Toxicology of Uranium Com- 
pounds Vols. I-IV. McGraw-Hill, New York 
(1949). 

A. O. Votnar and V. N. GALAKHOVA, 
Barium in the tissues of the eye of animals 
and man. Ukrain. Biokhrim. Zhur. 27, 
101-107 (1955); Chem. Abstr. 49, 10471 
(1955). 


M. B. VisscuHEerR, The absorption and excre- 
tion of potassium in the intestine. J.-Lancet 


73, 173-174 (1953). 


A. Vota and U. Marinont, Distribution of 
radioactive cobalt in organs of normal and 
anemic animals. Biol. Latina 8, 942-952 
(1955); Chem. Abstr. 50, 14073 (1955). 


J. T. Van Bruccen, Metabolism of NNHC™“ 
O,: effects of anesthesia and route of dosage. 
Proc. Soc. Exp. Biol. Med. 91, 140-143 (1956). 


P. C. Watiace, Metabolism of F'8 in Norma 
and Chronically Fluorosed Rats, UCRL-2196 
(1953). 

P. C. Dursin-Wa.LtAcE, Metabolism of 
fluorine in the rat using F!® as a tracer. 
J. Dent. Res. 33, 789-800 (1954). 

R. L. Wanner, Calcium Metabolism in Dogs 
with Respect to Age and Exercise. Doctor of 
Philosophy Thesis, Cornell University, Feb- 
ruary 1955. 

A. H. Warp, Retention and excretion of 
radiostrontium in monkeys. J. Nucl. Energy 
5, 192-202 (1957). 

A. H. Warp, Comparison of excretion and 
retention of strontium-90 in monkeys and 
radium in man. Amer. J. Roentgenol. 79, 
530-531 (1958). 

A. H. Warp, Retention and toxicity of 
radiostrontium in monkeys. Presented at the 
International Conference on Radioisotopes in 
Scientific Research, September 9-20, 1957, Vol. 
IV, 221-230 Paris. Pergamon Press, London 
(1959). 

G. B. WALLAcE and B. B. Broprg, Distribu- 
tion of administered bromide in comparison 
with chloride and its relation to body fluids. 
J. Pharmacol. Exp. Therapeutics 65, 214-219 
(1939). 

G. B. WALLACE and B. B. Bropr, Distribu- 
tion of iodine, thiocyanate, bromide and 
chloride in the central nervous system and 
spinal fluid. J. Pharmacol. Exp. Therapeutics 
65, 220-226 (1939). 


Wd-1 


317 


R. A. McCance and E. M. Wippowson, 
The fate of calcium and magnesium after 
intravenous administration to normal per- 
sons. Biochem. J. 33, 523-528 (1939). 

R. A. McCance and E. M. Wippowson, 
Seasonal and annual changes in the calcium 
metabolism of man. J. Physiol. 102, 42-49 
(1943). 

R. A. McCance and E. M. Wippowson, 
Absorption and excretion of zinc. Biochem. 
J. 36, 692-696 (1942). 

R. A. McCance, E. M. Wippowson, and 
H. Leumann, Effect of protein intake on the 
absorption of calcium and magnesium. 
Biochem. J. 36, 686-691 (1942). 

R. A. McCance and E. M. Wippowson, 
Fate of strontium after intravenous admini- 
stration to normal persons. Biochem. J. 
33, 1822-1825 (1939). 

E. M. Wippowson and R. A. McCance, 
Sexual differences in the storage and meta- 
bolism of iron. Biochem. J. 42, 577-581 (1948). 
E. M. Wippowson, R. A. McCance and 
C. M. Spray, The chemical composition of 
the human body. Clin. Sci. 10, 113-125 (1951). 
E. M. Wippowson, A study of English diets 
by the individual method. I. Men. J. 
Hygiene 36, 269-292 (1936). 

E. M. Wippowson, and R. A. McCance, 
A study of English diets by the individual 
method. II. Women. J. Hygiene 36, 293-309 
(1936). 

E. M. Wippowson, and R. A. McCance, 
Iron in human nutrition. J. Hygiene 36, 
13-23 (1936), 

R. A. McCance and E. M. Wippowson, 
Iron excretion and metabolism in man. 
Nature, Lond. 152, 326-327 (1943). 

E. M. Wippowson and R. A. McCance, 
The absorption and excretion of iron before, 
during and after a period of very high intake. 
Biochem. J. 31, 2029-2034 (1937). 

R. A. McCance and E. M. Wippowson, 
The absorption and excretion of iron 
following oral and intravenous administra- 
tion. J. Physiol. 94, 148-154 (1938). 

M. WHELAN, The nitrate content of animal 


tissues and the fate of ingested nitrate. 
Biochem. J. 29, 782-787 (1935). 


S. Wricut, Applied Physiology (9th Ed.). 
Oxford University Press, London, New York 
and Toronto (1952) 


318 


Wh-1 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


T. K. Wapuwanl, Effect of fluorine on the 
composition of bones: changes in the com- 
position of bones of monkeys (Macaca Radiata) 
Indian J. Med. Res. 43, 321-330 (1955). 


J. P. Manoney, J. A. Busu, C. J. GuBLer, 
W. H. Moretz, G. E. CARTWRIGHT and 
M. M. Wintrose, Studies on copper 
metabolism. XV. The excretion of copper 
by animals. J. Lab. Clin. Med. 46, 702-708 
(1955). 


M. M. Wintrose, G. E. CARTWRIGHT and 
C. J. Gusier, Studies on the function and 
metabolism of copper. J. Nutrition 50, 
395-419 (1953). 


M. E. Maney, C. J. Guster, G. E. Carrt- 
WRIGHT and M. M. WintrRosE, Studies on 
copper metabolism. VI. Blood copper in 
normal human subjects. J. Clin. Invest. 


32, 322-328 (1953). 


C. J. Gusier, J. P. Manoney, J. A. Busn, 
G. E. Cartwricut and M. M. WIntROBE, 
Metabolic pathways for copper in dogs, 
normal human subjects and patients with 
hepatolenticular degeneration. Proc. Fed. 
Amer. Soc. Exp. Biol. 14, 435-436 (1955). 


D. H. Wittarp, L. A. TempLe and W. J. 
Barr, Turnover and Tissue Distribution of 
Radioruthenium Oxide in the Lungs of Mice, 
HW-52286 (1957). 


D. E. Wriiuiams, B. B. McDonatp, E. 
Morreti, F. A. Scuorrmerp and F. L. 
MacLeop, Influence of mineral intake on 
bone density in humans and in rats. J. 
Nutrition 61, 489-505 (1957). 


V. H. Wirrten, M. S. Ross, E. OsHry and 
A. B. Hyman, Studies of thorium X applied 
to human skin. I. Routes and degree of 
penetration and sites of deposition of thorium 
X applied in selected vehicles. J. Invest. 
Dermatol. 17, 311-322 (1951). 


J. E. Wueever, F. D. W. Luxkeras and 
P. Gy6Orcy, Studies on the localization of 
tagged methionine within the pancreas. 
Proc. Soc. Exp. Biol. Med. 70, 187-189 (1949). 


A. R. P. Waker, F. W. Fox and J. T. 
Irvinc, Studies in human _ mineral 
metabolism. I. The effect of bread rich in 
phytate phosphorus on the metabolism of 
certain mineral salts with special reference 
to calcium. Biochem. J. 42, 452-462 (1948). 


WI-1 


H. D. Wattace, R. L. Suirtey and G. K. 
Davis, Excretion of calcium-45 into the 
gastrointestinal tract of young and mature 
rats. J. Nutrition 43, 469-475 (1951). 


J. P. Wetnmann, The effect of strontium on 
the incisor of the rat. I. Injections of small 
doses of strontium chloride as a means of 
measuring the rate of incremental dentin 
apposition. J. Dental Res. 21, 497-504 (1942). 


S. WarREN and R. F. Cow1ne, Distribution 
of doses of radioactive phosphorus in rodents. 
J. Lab. Clin. Med. 26, 1014-1016 (1941). 


S. WarREN and R. F. Cow1na, Distribution 
of large doses of radioactive phosphorus in 


rats. Arch. Pathol. 29, 730 (1940). 


S. Warren, J. C. MacMILian and F. J. 
Drxon, Effects of internal irradiation of mice 
with P32, I, Spleen, lymph nodes, thymus, 
bone and bone marrow; II. Gonads, 
kidneys, adrenal glands, digestive tract, 
spinal cord, lungs and liver. Radiology 55, 
375-389 and 557-570 (1950). 

O. DuPont, I. Arret and S. L. WARREN, 
The distribution of radioactive arsenic in the 
normal and tumor-bearing (Brown—Pearce) 
rabbit. Amer. J. Syph. 26, 96-118 (1942). 


S. L. Warren (Director), Quarterly Progress 
Report for Period Ending 31 December 1955, 
UCLA-357. 

N. S. MacDonatp, P. C. Spain and P. 
Noyes, The mechanisms of skeletal deposi- 
tion of metal ions pp. 45-48; 

N. S. MacDona.tp, P. C. Spain and P. 
Noyes, Agents to diminish gastrointestinal 
absorption of cations p. 49; 

G. V. ALEXANDER and R. E. Nussaum, 
Spectrographic analysis of body fluids and 
tissues for inorganic constituents pp. 69-70; 
J. CG. Warson, R. Devick and W. B. 
McKissen, The physiological retention of 
ingested radioactive fallout materials by 
laboratory animals pp. 103-106. 


A. W. Wasg, D. M. Goss and M. J. Boyp, 
The metabolism of nickel. I. Spatial and 
temporal distribution of Ni® in the mouse. 
Arch. Biochem. Biophys. 51, 1-4 (1954). 

A. W. Wasg, Absorption and distribution of 


radio-tungstate in bones and soft tissues. 
Arch. Biochem. Biophys. 61, 272-277 (1956). 


N. P. Warts, Changes in the Blood and Kidneys 
of Rats Exposed to Small Amounts of Polonium, 
UR-173 (1951). 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 319 


W. S. Witpz, The distribution of potassium 
in the cat after intravascular injection. 


J. Biol. Chem. 128, 309-317 (1939). 


W. S. Wipe, J. Ginspurc and W. G. 
WALKER, The distribution kinetics of intra- 
venous potassium, K4", J.-Lancet 73, 168-170 
(1953). 


H. J. Wurretey, H. B. Stoner and C. J. 
THRELFALL, Uptake of radioactive phos- 
phorus by the skin of the rabbit. Brit. J. 
Exp. Pathol. 34, 73-80 (1953). 


S. J. Wyarp, Radiation dose to bone from 
radioactive phosphorus (correspondence). 
Brit. J. Radiol. 29, 576 (1956). 


Ryvuicu YAMADA, Studies on calcium meta- 
bolism with the aid of radioactive calcium, 
Ca**, Annual Report of the Research Committee 
on the Application of Artificial Radioacive Isotopes 
in Japan Vol. 1, Part 2, pp. 117-125 (1951). 
(In Japanese) 

G. E. Youncssurc, Phosphorus metabolism. 
VII. Course of phosphorus in alimentary 
tract of the rat. Proc. Soc. Exp. Biol. Med. 
36, 230-233 (1937). 

B. H. Youne and J. Cuurcuty, AWRE-O- 
59/54 (1955). 


A. G. Youne, F. H. L. TAytor and H. H. 
Merritt, Distribution and excretion of 
mercury. Arch. Dermatol. Syphil. 21, 539-551 
(1930). 

K. S. ZAmycukina, E. A. Rupix-Gnutova, 
D. E. Gropzenskii and L. I. BELorysBxkina, 
Absorption from the digestive tract and 
utilization of phosphorus during experimen- 
tally induced hepatitis. Med. Radiol. No. 3, 
63-71 (1956) (In Russian); Nucl. Sci. 
Abstr. 10, 11036 (1956). 


A. Zrpser and A. S. FREEDBERG, Distribution 
of administered radioactive rubidium (Rb**) 
in normal and neoplastic tissues of mice and 
humans. Cancer Res. 12, 867-870 (1952). 


A. S. FREEDBERG, H. B. Pinto and A. Z1psER, 
Distribution of administered Rb*® carbonate 
in mouse, guinea pig, dog and man. Proc. 
Fed. Amer. Soc. Exp. Biol. 11, 49 (1952). 


A. Zrpser, H. B. Pinto and A. S. FREEDBERG, 
Distribution and turnover of administered 
rubidium (Rb**) carbonate in blood and 
urine of man. J. Appl. Physiol. 5, 317-322 
(1953). 


R. E. Zirkie, Radiobiological additivity of 
various ionizing radiations Amer. J. Roent- 
genol. 63, 170-175 (1950). 


Fie-1 


BIBLIOGRAPHY FOR MATHEMATICAL AND PHYSICAL DATA 


S. Five and C. F. Henper, X-ray critical- 
absorption and emission energies in keV. 
Nucleonics 13, 36-37 (1955). 

J. M. Hottanper, I. PertMAN and G. T. 
SEABorG, Table of isotopes. Rev. Mod. Phys. 
25, 469-651 (1953). 

E. JAHNKE and F. Empe, Tables of Functions 
with Formulae and Curves (4th Ed.). Dover, 
New York (1945). 

K. Z. MorcGan, Health Control and Nuclear 
Research, Chap. VI, Oak Ridge National 
Laboratory. Unpublished Data (1950). 


Compilations of Nuclear Data Group, National 
Research Council, Washington. 

1, National Bureau of Standards Circular 
499 (1950). 

2. Supplement 1 (April, 1951). 

3. Supplement 2 (November, 1951). 

. Supplement 3 (June, 1952). 

. Annual cumulations of nuclear data 
contained in Nuclear Sci. Abstr., Issues 
24B of 6, 7, 8, 9, 10 and 11, for the years 
1952, 1953, 1954,-1955, 1956 and 1957, 
respectively. 


6. Nuclear level schemes (A=40-A=92), 
TID-5300 (1955). 
K. Pearson, Tables for Statisticians and 


Biometricians (3rd Ed.) Part I, pp. 58-61. 
Cambridge University Press, London (1930). 


K. Pearson (Editor), Tables of the Incom- 
plete y-function. Cambridge Press, London 
(1946). 

E. J. RurHerrorp, J. CHApwick and C. D. 
Exuis, Radiation from Radivactive Substances, 
Cambridge University Press, London (1951). 
W. S. SnyDER, Provisional Calculations of MPC 
in Water for Pu?®, Ra?6, Sr9° and U- 
natural Based on Power Law Elimination. Un- 
published Oak Ridge National Laboratory 
Data (July, 1955) 

W. S. Snyper, Equations for Calculation of 
Internal Dose from a Chain of Radionuclides. 
Unpublished Oak Ridge National Labora- 
tory Data (18 October, 1956) 

W. H. Suttivan, Trilinear Chart of Nuclides, 
(2nd Ed.) (1957). United States Govern- 
ment Printing Office, Washington. 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND 
PHYSICAL DATA 


INDEXED BY AUTHORS 


Joun D. ABBaTT GerorGE V. ALEXANDER ERNEsT C. ANDERSON 


Sin-1 

P. ABELSON 
So-4 

L. ABRAHMSON 
Ah-1 

M. L. ABRAHMSON 
Ah-1 

RICHARD ABRAMS 
Ab-1 
Ab-2 
Ab-3 
Ab-4 
Ab-5 
Ab-6 
Ab-7 

H. AcKERMAN 
Ho-4 

Puiturr G. ACKERMANN 
Ack-1 
Ack-2 

James W. AGNA 
Aj-l 

V. Z. AGRANAT 
Agr-| 

Jerry K. ArkKAwA 
Ai-1 
Ai-2 

H1rRoOAKI AKAGI 
Kik-1 
Kik-2 
Kik-3 

G. ALBANESE 
DiS-1 


Roy E. ALBERT 
Ae-1 

Errett C. ALBRITTON 
Alb-1 

G. L. ALEXANDER 
Sn-3 

Gerorce V. ALEXANDER 
Bg-6 
Md-3 
Md-6 


Md-7 
Md-11 
Md-12 
Md-13 
Md-16 
Md-17 
Wr-5 
Harry ALLEN 
Hem-1! 
ROBERTA ALLEN 
Ao-1 
Nu-7 
R. P. ALLEN 
Ho-4 
Gorpon A. ALLEs 
Ha-71 
Mary Caro. ALMEN 
Dru-1 


K. I. ALTMAN 
Al-1 

GABRIELE ALVERSON 
Aj-1 


J. V. AMBLER 


S]-2 

H. E. Amory 
Am-|1 

Ropo.Lro AMPRINO 
Amp-1 
Amp-2 
Amp-3 

H. K. ANDERS 
Uo-1 

A. CG. ANDERSEN 
And-1 

ALAN Bruce ANDERSON 
Ts-2 

D. L. ANDERSON 
Kt-12 

ELIzABETH ANDERSON 
Ky-8 

Ernest C. ANDERSON 
An-1 
An-2 


An-3 
An-4 
An-5 
An-6 
An-7 
An-8 
Ln-14 
Ln-15 
Ln-17 
Ln-21 
Pi-1 
Pi-3 
H. D. ANDERSON 
Mx-2 
W. A. D. ANDERSON 
Aw-1 
Aw-2 
Aw-3 
GouLp A. ANDREWS 
Ad-1 
Bm-1 
Co-29 
Ky-5 
Howarp L. ANDREWS 
Lp-1 
Cw-3 
M. A. K. ANGELL 
Sa-13 
Davin S. ANTHONY 
At-l 
At-2 
At-3 
At-4 
At-5 
At-6 
At-7 
At-8 
At-9 
At-10 
At-11 
At-12 
At-13 
At-14 
At-15 
Masaya ARAKI 
Ak-1 


322 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


V. E. ARCHER 
Lb-7 
Lb-8 
REGINALD M. ARCHIBALD 
Dd-8 
I. ARIEL 
Ho-1 
Ho-5 
Wr-4 
C. ARMSTRONG 
Br-14 
Wa .tace D. ARMSTRONG 
Ar-l 
Ar-2 
Ar-3 
Ar-4 
Ar-5 
Ar-6 
Ar-7 
McE-2 
Se-1 
LAWRENCE C,. ARNETT 
Ae-1 
James S. ARNOLD 
Ac-1 
Ac-2 
Ac-3 
Ac-4 
Ac-5 
Ac-6 
Ac-7 
Ac-8 
No-8 
Rs-2 
Stn-3 
Stn-4 
Stn-5 
Stn-8 
Vd-3 
Vd-4 
Vd-5 
L. R. ARRINGTON 
Dy-1 
WiiuraM F. AsHEe 
As-1 
James K. AsHrkKAWA 
Ash-1 


C. WILLet AsLING 
Ha-28 
Ha-35 
Ha-38 
Ha-46 
Ha-48 


C. WILLET AsLING 
Ha-49 
Ha-58 
Ha-50 
Ha-63 
Ha-65 
Ha-74 
Ha-75 
Ha-76 
Ha-77 
Ha-82 
Ha-83 
Ha-84 
Ha-85 
Ha-86 
Ha-87 
Ha-89 
Ha-90 
Ha-103 
Ha-104 
Ky-8 

E. B. Astwoop 
Rab-1 

D. R. ATHERTON 
Ac-5 
Stn-2 
Stn-3 
Stn-4 
Stn-5 
Stn-6 
Stn-7 
Stn-8 
Stn-9 
Vd-6 

Josepu C. Aus 
Au-1 
Au-2 
Au-3 
Au-4 
Ea-7 
Mr-1 
Rs-2 

J. G. AuLt 
Kin-1 

K. AuURAND 
Mut-2 
Scr-2 

M. E. AusTon! 
Gr-9 

A. A. AVAKYAN 
Grd-1 

Dorotny J. AXELROD 
Ha-5 
Ha-12 


Dorotny J. AXELROD 
Ha-13 
Ha-40 
Ha-53 
Ha-91 
Ha-92 
Ha-93 
Ha-94 

W. W. Ayres 
Pr-1 

J. A. Bacon 
Pah-3 

H. BADEN 
Em-2 

Joun BapENocH 
Bad-1 

K. N. Baccui 
Bag-1 

Hausey J. BacG 
Bhj-1 
Bhj-2 

C. T. BAHNER 
Ki-l 
Bf-1 

W. J. Bair 
Bai-1 
Hy-4 
Hy-8 
Kt-12 
Wid-! 

R. R. BALDWIN 


Low-1 


WituiaM F. BALE 
Bw-l 
Bw-2 
Bw-3 
Hn-5 
Hn-7 
Ho-3 
Ho-5 
Ho-10 
Hod-2 
W. M. BALFourR 
Hn-5 
Hn-7 


Joun E. BALLou 
Bal-1 
Bal-2 
Hy-4 
Hy-5 
Hy-8 
Kt-3 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Joun E. BALLou 
Kt-9 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
Ph-5 
Ph-6 
Th-3 
Th-4 
Th-16 
Th-18 
Th-19 
Th-20 
Th-21 
Th-22 
Th-25 

Kart BAMBACH 
Kh-3 

T. E. BAnKs 
Ban-1 

A. J. BARBER 
Ha-9 

E. M. BARBER 
Cp-1 


RICHARD C, BARBERA 


Md-7 
Md-8 
RA.cpH K. BARCLAY 
Bc-1 
A. P. BARER 
Fow-l 
Fow-2 
H. H. BARKER 
St-3 
St-4 


ARTHUR G. BARKOW 


Ma-2 


JeLKA BARKSDALE 
Bar-1 


S. BARKULIS 
Br-13 
Br-36 
Br-43 

C. M. BARNES 
Bs-3 
Bs-7 
Kt-3 
Ph-3 
Ph-6 

D. W. H. BARNES 
Har-3 


L. L. BARNEs 
Vi-1 

GEorGE BARR 
Ha-49 
Ha-63 
Ha-76 
Ha-77 

E. S. G. BARRON 
Ab-5 

D. BARTON 
Stn-3 

F. C. BARTTER 
Cw-4 

S. H. Bassetr 
Ln-2 

K. P. Basu 
Bp-1 
Bp-2 

GorAN C. H. BAvER 
Bau-1 
Bau-2 
Bau-3 
Bau-4 
Bau-5 
Bau-6 
Bau-7 
Bau-8 
Bau-9 
Bau-10 
Bau-1! 1 
Bau-12 
Bau-13 
Bau-14 
Bau-15 
Bau-16 

Emit BAUMAN 
Bu-1 

R. C. BAXTER 
Bh-2 
Bh-5 
Sa-3 
Sa-4 

R. C. Bay 
Bz-1 

W. B. BEAN 
Nn-1 

O. A. BEATH 
Rf-1 
Rf-2 

A. R. BEHNKE 
Beh-1 
Beh-2 
Beh-3 


F,. BEHOUNEK 
Beo-1 

CHARLES BEHRENS 
Be-1 

W1LuiaM H. BErERWALTES 
Bj-1 

LEONARD F. BELANGER 
Bea-1 
Bea-2 
Bea-3 
Bea-4 
Bea-5 
Co-33 
Leb-1 

E. H. BELCHER 
Bel-1 

G. H. BELi 
Ht-4 

MaArTELIA BELL 
Sk-5 

P. BELL 
Ce-2 

Jupiru BELLIN 
Ls-1 

L. I. BELORYBKINA 
Za-1 

Tuomas H. Bett 
Kg-2 
Kg-4 

CLEMENS E. BENDA 
Bro-1 

REINHOLD BENESCH 
Dd-5 

Rutu E. Benescu 
Dd-5 

A. BENGTSON 
Fr-7 

ErwIn J. BENNE 
Sw-l 

C. BENNETT 
Bs-8 
Ph-5 

SwANsoNn BENNETT 
Stn-5 
Stn-5 
Stn-8 
Stn-9 

H. F. Berc 
Ky-2 
Ky-3 
Ky-8 
Ky-9 


323 


324 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


MArvINn BERG 
Fr-1 
Fr-6 
Fr-7 

R. BerG 
Brg-1 

F. BERGEL 
Bee-1 


Eva BERGER 
Ls-5 
Ls-9 


WiiuiAM H. BerGstrom 
Bet-1 
H. Berke 
Bek-1 
Bek-2 
J. Berkson 
Ke-1 
N. I. BERLIN 
Bni-1 
Bni-2 
Bni-3 
Bni-4 
Bni-5 
5. R. BERNARD 
Ber-1 
Ber-2 
Ber-3 
Ber-4 
Ber-5 
Dinter BERTRAND 
Beg-6 
Beg-7 
Beg-8 
GABRIEL BERTRAND 
Beg-1 
Beg-2 
Beg-3 
Beg-4 
Beg-5 
Beg-6 
Beg-7 
Beg-8 
J. J. BerTRAND 
Bt-1 
1. H. Best 
Ba-| 
W. F. BeETHARD 
Ja-8 
B. G. Brissy 
Vi-l 


Cuar.es E. Bits 
Bil-1 

Wayne BILLs 
Ln-16 

WALTER BINKs 
Bi-1 

P. M. Biro 
Spi-4 


MAnrTIN BIRNSTINGL 


Bir-1 
Brrute O. Biskis 
Br-53 
Br-54 
Fk-11 


Ror BJORNERSTEDT 


En-2 
En-4 
En-5 

BARBARA BLACK 
To-4 

D. A. K. BLack 
Ey-1 

Stuart BLACK 
Bh-2 

S. N. BLACKBERG 
F]-2 

M. BLACKSTONE 
As-1 

H. A. Barr 
Bh-1 
Bh-2 
Bh-3 
Bh-4 
Bh-5 
Bh-6 
Sa-4 

Rosert S. Baits 
Lo-2 

L. W. BLAKE 
Stn-3 

PauL BLANQUET 
Tru-1 

Monte BLau 
Ls-6 
Ls-10 

L. V. BuLina 
Bli-1 

C. I. Buiss 
Fz-1 

M. H. Biock 
Ja-1 


Wa TER D. Biock 
Blo-1 
Blo-2 
Blo-3 
T. G. BLocker, JR. 
Lev-1 
MARGARET A. BLoom 
BI-5 
Br-4 
Br-43 
WILLIAM BLoom 
Bl-1 
Bl-2 
BI-3 
Bl-4 
BI-5 
Br-4 
Br-43 
AARON J. BLUMBERG 
Ai-l 
J. W. Boac 
Bog-1 
Josepn B. BoATMAN 
Mb-1 
James M. Bopa 
Lui-1 
Oscar BODANSKY 
Bod- 1 
FREDERICK BOERNER 
Sun-3 
Rira BoGorocu 
Sog-1 
C. H. BotssEvAIN 
Boi-1 
V. P. Bonn 
Bv-1 
Cn-4 
Swi-l 
Swi-2 
A. Bont 
Boa-1 
GERALDINE BONNER 
Ao-1 
Ho-4 


Joun F. Bonner, JR. 
Bon-1 
Ho-13 
Ho-17 
Sco-3 
F. Bonte 
Fr-7 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


D. V. Booker 
Cl-4 
Cl-5 
Boo-| 

IRENE U. Boone 
Boe-1 

R. Borasky 
Kt-10 

H. J. Born 
Trl 

Henry Borsooxk 
Bor-| 
Bor-2 

Harry Bostrom 
Bos-1 
Bos-2 
Bos-3 
Bos-4 
Bos-5 
En-1 

T. H. BoTHweE.yi 
Boh-1 
Boh-2 

H. G. Botset 
Bot-1 

Mary Sue Bovincton 
Tho-1 

Joun Z. Bowers 
Bz-1 
Ln-7 

Joane H. Bowes 
Bow-1 
Bow-2 

D. K. BowMan 
Ti-2 

GerorceE E. Boxer 
Bo-1 

E. S. Boyp 
Nu-5 

G. A. Boyp 
Co-16 
Fi-5 
Fi-8 

M. JoHn Boyp 
Ws-1 

T. C. Boyp 
Boy-1 
Boy-2 

Rutu BoyDEN 
Ej-4 

WILuiaM R. BRADLEY 
By-1 


FREDERICK J. BRADY 
Cw-l 
Cw-2 
Cw-3 

A. E. BRANDT 
Ho-3 

R. BRAUDE 
Bra-1 

W. H. BRAYMEN 
Ph-5 
Ph-6 

A. J. BREsLIn 
Gla-1 

EDWARD BriIpDGE 
McI-1 


R. H. Brirren 
Iv-l 


Joun F. Brock 


Ht-5 
B. B. Bropte 
Wce-l 
We-2 
A. Brorpo 
Fin-1 
FELIx BRONNER 
Bro-1 
Bro-2 
Bro-3 
Bro-4 
Dd-8 
MILTON BROTHERS 
Ls-5 
Ls-8 
Eu V. BRown 
Mh-1 
HERMAN BROWN 
Kol-1 
K. BRown-GRANT 
Brw-1 
R. L. BROWNING 
Kt-3 
Kt-12 
MARSHALL BRUCER 
Bm-1! 
Bm-2 
Ki-l 
Ky-2 
Ky-3 
Ky-8 
Ky-9 
GERHARD BRUCKMANN 
Bru-1 


Finn BRUDEVOLD 
Brd-1 
Brd-2 
Ho-17 


Austin M. BRuEs 
Br-1 through Br-54 
De-1 
Fk-5 
Fk-9 
Ja-4 
Ky-8 
Lb-3 
Li-2 
No-9 

F. H. BRUNER 
To-1 

H. D. BRuNER 
Bn-1 
Bn-2 
Bn-3 
Bn-4 
Bn-5 
Bn-6 
Bn-7 
Bn-8 
Bn-9 
Bn-10 
Bn-11 
Bn-12 
Bn-13 
Bn-14 
Bm-| 
Pk-2 

Car E. Bryan 
Sk-1 
Sk-4 

F. J. BRYANT 
Bry-1l 
Cl-3 
Cl-4 
Cl-5 
Cl-6 
Cl-7 
Cl-8 
Ccl-9 


Donatp L. BUCHANAN 


325 


326 BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Donacp L. BUCHANAN 
Br-35 
Br-36 
Br-37 
Br-39 

G. S. BucHANAN 
Sv-l 

OLIvER H. BucHANAN 
Blo-1 
Blo-2 
Blo-3 

Epwin R. BucHMAN 
Bor-2 

Haro.p D. BuckLey 
Ray-1 

Monamy BUCKNELL 
Ht-6 

ANDRE] Bucko 
Kli-1 

Z. M. BUKHTOYAROVA 
Buk-1 

L. A. BuULDAKOv 
Sts-1 

GeorceE J. BULKLEY 
Bul-1 
Ky-8 

R. F. Buncu 
Am-! 

C. A. BuNDE 
Fo-1 

J. W. M. Bunker 
Ea-1 

Georce E. Burcu 
Fo-1 
Lov-1 
Lov-2 
Ov-1 
Tr-1 
Tr-2 
Tr-3 
Tr-4 
Tr-5 
Tr-6 
Tr-7 
Tr-8 

P. R. J. Burcu 
Spi-| through Spi-4 

Ro.anpb E. BuRKEY 
Ck-8 

J. H. Burn 
Brn-l 


F. R. Burnotr 
Bur-1 
L. N. BurykIna 
Buy-1 
ELIZABETH BuscH 
Ln-3 
J. A. Busx 
Wi-l 
Wi-4 
Leo K. Bustap 
Bs-1 
Bs-2 
Bs-3 
Bs-4 
Bs-5 
Bs-6 
Bs-7 
Bs-8 
Bs-9 
Hy-4 
Hy-5 
Hy-8 
Kt-2 
Kt-3 
Kt-7 
Kt-9 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
Ph-5 
Ph-6 
D. S. Buster 
Stn-3 
Stn-5 
Stn-8 
EDWARD M. Butr 
Bg-1 
Bg-2 
Bg-3 
Bg-4 
Bg-5 
Bg-6 
A. BuTTERWORTH 
McL-1 
ALLIsON Butts 
Ck-5 
R. U. Byerrum 
Dec-1 
Srwney M. CADWELL 
Dew-1 
J. ALFRED CALHOUN 
Au-3 


M. C. CaLkins 
Sco-4 


SHEILA T, CALLENDER 
Bad-1 
Db-2 
Db-4 

HERBERT O. CALVERY 
Cal-1 


M. CALvIN 
Ha-19 


Evan CAMPBELL 
Hv-l 


I. G. CAMPBELL 
Cm-! 

IRENE R. CAMPBELL 
Ck-6 

J. E. CampBe.i 
At-8 
At-13 
Cm-2 

W. W. CAMPBELL 
Gr-2 
Gr-3 
Gr-14 

Pau. R. CANNAN 
Ji-1 

S. T. CANTRIL 
Ni-2 

Lucien CapotT 
Tru-1 

R. P. CARLIsLe 
Stn-9 

A. B. CARLSON 
Nu-8 

A. CARLSSON 
Bau-3 
Bau-5 
Bau-9 
Bau-10 
Bau-11 
Bau-12 
Bau-13 
Bau-14 
Bau-15 
Cs-1 

ANNE C. CARTER 
Sho-1 

Rosert E. CARTER 
Ln-2 
Ln-3 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


G. E. CARTWRIGHT 
McE-1 
Wi-! 
Wi-2 
Wi-3 
Wi-4 
G. W. CASARETT 
Al-1l 
Ca-1 
Ca-3 
Louis J. CASARETT 
Ca-2 
Ca-4 
Sa-5 
Sa-11 
Sco-6 
Sm-1 
A. C. Case 
Doc-2 
Kt-4 
Kt-12 
Juxes S. Cass 
Ck-6 
RoBERT CasTAGNOU 
Pao-| 
W. O. CasTER 
Cas-1 
A. CaTscH 
Cat-1 
Cat-2 
Cat-3 
Duane A. CATTERSON 
Ai-1 
HERMANN CEMBER 
Ce-1 
Ce-2 
LEopoLp R. CERECEDO 
Mh-1 


J. Guapwick 
Rut-1 


R. C. CHapwick 
Cl-1 
Cl-5 
I. L. CHAIKOFF 
Ci-1 
Ci-2 
Ja-2 
Jo-3 
Ha-9 
Ha-50 
Pm-1 
Pm-2 


I. L. CHarkorr 
Sn-1 
Sn-2 
Sn-4 
Sn-5 

K. P. CHAKRABORTY 
Cha-1 

A. C. CHAMBERLAIN 
Cl-1 
Cl-2 
Cl-3 
Cl-4 
Cl-5 
Cl-6 
Cl-7 
Cl-8 
Cl-9 

W. H. CHAPMAN 
Cn-4 

MartTIn L. CHARLES 
Ls-11 

M. J. CHASE 
Ha-57 

WALTER CHAVIN 
Br-45 

Puiturr S. CHEN, JR. 
Ho-16 
Nu-9 

L. A. CHERKASSKY 
Che-1 

Mixkito CHIBA 
It-1 


O. Curevitz 


He-3 


SHINTO CHIN 


Ak-1 


Jacos CHOLAK 


Ck-1 
Ck-2 
Ck-3 
Ck-4 
Ck-5 
Ck-6 
Ck-7 
Ck-8 
Kh-1 
Kh-2 
Kh-3 
Kh-4 
Kh-5 
Kh-7 
Kh-8 
Kh-9 


I. A. CHRISTIANSEN 
He-2 

James H. Curistie 
Fr-6 
Km-1 


WILLIAM M. CuHrRISTOPHERSON 


Ky-2 
Ky-3 
Ky-& 
Ky-9 

V. T. CuurKo 
Cv-1 

J. CHuRCHLY 
Yo-l 

R. G. Cirre 
Ps-3 

I. CLARK 
Op-1 

Joun W. CrLark 
Br-45 

W. J. CLARKE 
Hy-4 
Hy-5 
Hy-8 
Kt-10 
Kt-12 

C. J. CLEMEDSON 
En-2 
En-4 

Haro.tp GEORGE CLOSE 
Clo-1 

A. M. CLouDMAN 
Br-13 
Br-36 
Br-43 


R. CLOUTIER 
Sco-6 
K. W. CocHran 
Cr-1 
Cr-2 
Do-2 
TERENCE H. CocHran 
Stn-5 
J. CoHEN 
Ros-4 


S. H. Coun 
Br-5 
Br-35 
Cn-1 
Cn-2 
Cn-3 


328 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


S. H. Coun 
Cn-4 
Rs-2 

W. E. Coun 
Gr-4 
Gr-7 
Gr-10 

H. N. Coie 
S]-2 
S1-3 

L. J. Cote 
Col-1 

E. J. CoLEMAN 
Doc-1 
Kt-12 

RicHArD D. CoLEMAN 
Hod-1 
Hod-2 

MarTIN CoLopZIN 
Lb-7 
Lb-10 
Lb-12 
Hu-15 

C. L. Comar 
Co-1 through Co-42 
Ky-8 
McE-1 

M. ComeEL 
Com-1 
Com-2 

Cart Comstock 
Mf-1 

Cuar.es C. CoNGDON 
Lr-3 

Puitie CONLON 
Mr-3 

Litu1iAn W. Conn 
Con-1 


C. L. Connor 
La-5 

Jane Connor 
Kce-l 

E. J. Conway 
Cow-1 


G. B. Cook 
Har-3 


Mary JANE Cook 
Hu-4 
Hu-5 
Led-1 
Ln-5 


Mary JANE Cook 
Ln-18 
Ln-20 
Ma-l 
Ma-2 
Ma-3 
Ti-2 
Ti-4 
Ti-5 
Ti-6 
Ti-7 
S. F. Cook 
So-4 
Jutius M. Coon 
Cr-2 
Do-2 
Su-1l 
Su-2 
Su-3 


A. R. Cooper 
Fs-2 
Fs-3 
Joun A. D. Cooper 
Bul-1 
Ky-8 
L. F. Cooper 
Cp-1 
D. Haroip Copp 
Cd-1 
Cd-2 
Cd-3 
Gr-1 
Gr-5 
Gr-6 
Gr-11 
Ha-5 
Ha-7 
Ha-13 
Ha-38 
Ha-40 
Ha-41 
Ha-57 
Ha-58 
Ha-64 
Rs-2 
JEROME CoRNFIELD 
Br-10 
Cor-1 
GeorGE C, Corzias 
May-1 


R. N. CowDENn 
At-4 


R. N. CowpEN 
At-5 
At-8 

GerorceE R. CowcIL.L 
Hor-1 

Dean B. Cowle 
Cs-4 
Cw-i 
Cw-2 
Cw-3 
Cw-4 

R. F. Cow1ne 
Wr-1 
Wr-2 

A.vin J. Cox, JR. 
Cox-1 

GERALD J. Cox 
Scw-1 

R. A. Craic 
Br-14 

C. CRAMER 
Ha-41 


LATHAN A. CRANDALL, JR. 


Cra-1 

Henry L. CreEsp1 
Br-45 

Epcar A. CREss 
Ky-6 
Ky-7 

K. R. CrisPELL 
Pw-l 


Cuar.es D. CROWELL, JR. 


Ho-12 
JOSEPHINE CROWLEY 
Ha-8 
Ha-9 
Ha-23 
Ha-27 
Ha-37 
Ha-38 
Ha-53 
Ha-84 
Ha-85 
Ha-86 
Ha-88 
Ha-89 
Ha-91 
Ha-92 
Ha-93 
D. B. CruicKsHANK 
Cu-1 
GEORGE CULLEN 
Ar-2 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


J. N. Cumincs 
Cg-1 
Cg-2 

H. J. Curtis 
Bl-2 
BI-3 

E. M. CuTHBERTSON 
Gr-1 
Ha-57 

W. F. J. CurHBERTSON 
Ct-1 
Ct-2 

Dorice CzajKA 
Br-45 
Br-49 
Br-53 
Br-54 

B. M. Dasyns 
Dy-1 

ERNEST DAIGNEAULT 
Ky-4 

Mary DAaILey 
Ab-6 
Ab-7 
Sn-3 

PETER P, DALE 
Dal-1 

R. Duncan DALLAM 
Mkp-3 

S. A. D’ANGELO 
Dn-1 

EsTHER PETERSON DANIEL 
Di-1 
Di-2 

A. I. DANILENKO 
Dan-1 

WitutiaM J. DarBy 
Hn-2 

C. S. p’ ARGENT 
Rp-| 

N. C. Datra 
Dt-l 

PASCALINE DAUDEL 
Fj-1 

H. E. F. Davies 
Ey-1 

Francis J. Davis 
Da-1 

G. K. Davis 
Co-2 
Co-4 


G. K. Davis 
Co-5 
Co-6 
Co-10 
Co-11 
Co-20 
Co-22 
Co-38 
Dv-1 
Fe-1 
Fe-2 
McE-1 
WI-1 

R. K. Davis 
At-4 
At-6 
At-7 
At-8 
At-15 

N. K. De 
Boy-2 
Den-1 

NorMAN DEANE 
Dr-1 
Dr-2 

Ear. H. DEARBORN 
Dea-1 


C. F. DECKER 
Br-45 
Dec-1 


AGATHA M., DeLacio 
Mb-1 


R. J. Detta Rosa 
Bh-2 
Ca-4 
Del-1 
Del-2 
Sa-5 
Sa-8 
Sm-1 
CuEsTeR W. DELONG 
DI-1 
DI-2 
Kt-4 
Ph-5 
Ph-6 
Th-8 
R. H. DEMEI0 
De-1 
De-2 
CuHARLEs W. DENKO 
Dek-1 


STANLEY DERBY 
Gol-1 

S. P. pERuBIEs 
Rp-| 

L. G. DeEsPaIn 
Stn-5 

GERHARD DEssSAUER 
Ho-13 

Ruopa DeEvick 
Wr-5 

Finn Devik 
Br-54 

R. Devis 
Lac-2 

J. J. DEVoupre 
Sco-4 

DEVRIENDT 
Pag-1 

Lyp1a M. DeWrrr 
Dew-1 

L. J. DeYsacn 
Ry-1 

A. T. Dick 
Dic-1 
Dic-2 
McE-3 

S. L. DrDro 
Bg-2 
Bg-6 

Nicota D1 FERRANTE 
Dd-8 

A. DrPasQua 
Bek-1 
Bek-2 

E. DiSTEFANO 
DiS-1 

Karu DITTMER 
Mag-1 

ALBERTA D1 VirrorRIo 
Br-36 

F, J. Dixon 
Wr-3 

THEODORE FREDERIC DIxon 
Dx-1 

C. A. Doan 
Sg-l 

Ernest L. Dosson 
Dob-1 

R. Lowery Dosson 
Rs-2 


329 


330 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


N. L. Docxum 
Bs-2 
Doc-1 
Doc-2 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
Ph-5 
MarGeERY DOoLAN 
Kg-1 
M. DonGIER 
Dog-1 
I. Dontacu 
Don-|! 
Jean H. DouGHERTY 
Bz-| 
Stn-5 
Stn-8 
Stn-9 
Joun Dou 
Cr-1 
Cr-2 
Do-| 
Do-2 
Do-3 
Su-1 
Su-2 
Su-3 
A. L. Dounce 
Nu-8 
ANDREW Dowpy 
Dw-! 
Dw-2 
V. Downinc 
Ho-5 
W. L. Downs 
Bh-6 
Ho-4 
Ho-11 
T. G. H. DRAKE 
Tis-1 
W. F. Drea 
Boi-1 
Rosert H. DreisBpacu 
Dre-1 
Cecit K. DRINKER 
Dri-1 
Fa-5 
KATHERINE R. DRINKER 
Fa-5 
Douc.tas R. Drury 
Dru-1 


RosBERT DruyAN 
Hs-3 

REUBENIA DuBACH 
Db-1 
Db-2 
Db-3 
Db-4 
Db-5 

K. P. DuBois 
Cr-1 
Cr-2 
Do-| 
Do-2 
Do-3 
Ky-8 
Mx-5 
Su-1 
Su-2 
Su-3 

J. Duckwortu 
Dk-1 

Howarp Ducorr 
Br-5 
Br-10 
De-1 

H. C. DupLEy 
Du-1| through Du-19 

R. A. DuDLEY 
Dy-1 

B. J. Durry, JR. 
Hd-2 

C. E. DuNLAP 
Ea-7 

ARTHUR DuNN 
Tap-l 

Raymonp M. Dunn 
Ha-21 

Gorpon M. DuNNING 
Dun-1 


Octavia DuPont 
Wr-4 
Patricia W. DuRBIN 
Dur-1 
Dur-2 
Dur-3 
Ha-29 
Ha-30 
Ha-31 
Ha-32 
Ha-33 
Ha-34 
Ha-35 


Patricia W. DurRBIN 
Ha-36 
Ha-43 
Ha-44 
Ha-48 
Ha-49 
Ha-63 
Ha-74 
Ha-75 
Ha-76 
Ha-77 
Ha-80 
Ha-82 
Ha-97 
Ha-98 
Ha-101 
Ha-102 
Ha-103 
Ha-104 
Ky-8 

*, R. DuTrRoNn 
As-1 

E. D. Dyson 
Cl-2 


Dominic D. DzrEWwIATKOWSKI 


Dd-1 
Dd-2 
Dd-3 
Dd-4 
Dd-5 
Dd-6 
Dd-7 
Dd-8 
Dd-9 
Dd-10 


O. D. EAsTERDAY 
Bv-1 

Tuomas W. Easton 
E:-l 

ARTHUR EBBERT, JR. 
Pw-! 

WALTER R. ECKELMANN 
Kp-2 
Kp-3 

IstiporRE S. EDELMAN 
Em-1 
Em-2 
Sd-1 


G. M. EpIncTon 
Eg-1 
Eg-2 
Eg-3 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


YASUYUKI EGASHIRA 
Ega-1 

WrLuiiaM G. E. EGGLETON 
Ew-1l 
Ew-2 

Kart B. E1cHorRN 
Ha-73 

BERNARD EISENBERG 
Ai-2 

MeErRIL EIsENBUD 
Ei-1 
Ei-2 
Ei-3 
Ei-4 
Ei-5 

D. M. EKsTEIN 
Ls-3 

LorENTZ ELDJARN 
Ny-1 

James S. ELDRIDGE 
Tyo-1 

Auice G. ELFTMAN 
Ef-1 

HERBERT ELFTMAN 
Ef-1 

Joan ELIAsoPH 
Mah-1 

LESTER ELLERBROOK 
Ge-3 

L. E. ELLInwoop 
Sto-2 

C. D. Evuis 
Rut-1 

M. E. Etuis 
Col-1 

C. A. ELVEHJEM 
Fj-1 
Ej-2 
Ej-3 
Ej-4 
Fj-5 
Ne-1 

J. O. Ery 
EI-1 

Fritz EMDE 
Jh-1 

R. J. EMERson 
Ph-5 
Ph-6 

E. W. Emery 
Ey-1 


ALFRED ENGELS 
Mau-l 
Mau-2 
Mau-3 

B. ENGFELDT 
En-1 
En-2 
En-3 

J. A. ENGuIsH 
Du-11 

A. ENGSTROM 
En-l 
En-2 
En-4 
En-5 

C. ENTEMAN 
Ha-9 
Ha-50 

L. A. ErF 
La-7 
So-5 

E. V. ERLEKSOVA 
Erl-1 

H. E. Essex 
McK-1 

JeAN Ertori 
Mai-1 
Mai-2 
Mai-3 
Mai-4 
Mai-5 

H. B. Evans 
No-3 

R. D. Evans 
Au-4 
Ea-1 through Ea-10 
Mr-1 

J. L. Everetrr 
Bee-1 

MarkK R, EvERETT 
Ev-1 

W. J. EvERSOLE 
Er-1 

FLorRITA EZMIRLIAN 
Md-1 
Md-2 
Md-4 
Md-5 
Md-6 
Md-7 
Md-8 
Md-9 


FioritA EZMIRLIAN 
Md-10 
Md-15 
Md-17 


G. FAILLa 
St-l 
LAWRENCE T. FAIRHALL 
Au-1 
Fa-1 
Fa-2 
Fa-3 
Fa-4 
Fa-5 
Fa-6 
HENRI FAJERMAN 
Fj-1 
MARLENE FALKENHEIM 
Ho-6 
Ho-13 
WILLIAM G. FARAGHAN 
No-5 
No-8 
HELEN E. A. FARRAN 
Sin-1 
V. R. FAYTEL’BERG-BLANK 
Fay-1 
J. P. FeasTer 
Fe-1 
Fe-2 
R. M. FEATHERSTONE 
Fea-1 
Fea-2 
ULRICH FEINE 
Scr-2 
W. O. FENN 
Nt-1 
S. D. FENTREss 
Ti-4 
Ti-5 
Ti-6 
IvAN F. FERNEAU 
Mc-2 
R. FERRETTI 
Ni-2 
R. FERRoux 
Le-3 
CLEMENT A, FIncH 
Boh-1! 
Boh-2 
Flu-1 
Stv-2 


332 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


D. FinpLay 
Fd-1 
S. Fine 
Fie-1 
Dona.p L. Fink 
Hs-3 
Rosert M. Fink 
Fi-1 through Fi-11 
SIDNEY FINK 
May-2 
ASHER J. FINKEL 
Br-25 
Br-45 
Br-54 
Rs-2 
MiriaM P, FINKEL 
Br-4 
Br-5 
Br-6 
Br-7 
Br-12 
Br-14 
Br-15 
Br-16 
Br-18 
Br-20 
Br-21 
Br-22 
Br-28 
Br-29 
Br-32 
Br-33 
Br-39 
Br-40 
Br-41 
Br-42 
Br-43 
Br-44 
Br-45 
Br-46 
Br-49 
Br-50 
Br-53 
Br-54 
Fk-1 through Fk-12 
Li-2 
Li-3 
Li-4 
Se-3 
RayMonp D. FINKLE 
Ab-5 
At-10 
At-11 


RAYMOND D. FINKLE 


Fin-1 
Fin-2 
Fin-3 
CAMILLE FINNEGAN 
For-1 
Tap-1 
Mary I. FiscHER 
Mw-l 
Mw-2 
Mw-3 
Mw-4 
Mw-6 
A. M. FiIsHer 
Sct-l 
HARVEY FIsHER 
Ha-9 
Ha-93 
Ja-5 
W. FisHER 
Mys-2 
Stn-5 
Stn-8 
Stn-9 
WiLuraM R., FisHER 
Ln-17 
M. FIsHLER 
Ha-9 
Ha-50 
O. G. FirzHucu 
Fz-1 
R. W. FLEMING 
Nu-8 
F. B. FLINN 
Fl-1 
F]-2 
St-4 
J. GC. Firoop 
Cow-l 
R. L. Froyp 
Stn-5 
Vd-2 
Vd-4 
Vd-5 
Vd-6 
Rex G. FLUHARTY 
Flu-1 
Ve-2 
Ve-4 
R. J. Flynn 
Br-32 
Br-45 
Br-53 


J. M. Fotanp 
Ti-7 
WituiaM D, FoLanp 
Ti-1 
Ti-2 
Ti-4 
Ti-5 
Ti-6 
Ti-7 


RicHarpD H. Fouts, JR. 


Fh-1 

GILBERT B. ForsBEs 
Fs-1 
Fs-4 

R. M. Fores 
Fs-2 
Fs-3 
Fs-5 

Scott ForBusH 
Cw-4 

H. ForEMAN 
For-1 
Ha-54 
Ha-86 
Ha-89 
Rs-2 

NADINE FOREMAN 
Ha-16 

LyMAN L. ForKER 
Ab-1 
Ab-2 

C. E. ForKNER 
Sg-l 

Rosert B. Forney 
Fo-1 

RicHARD C. FOWLER 
Ho-13 

W. M. FowLer 
Fow-l 
Fow-2 

F. S. FowwEATHER 
Fw-l 

F. W. Fox 
Wk-1 

G. E. FRADKIN 
Fra-1 

Kurt W. FRANKE 
Mx-3 


S. FRANT 
Ft-l 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


WILtiaM G. FREDERICK 
By-1 
McC-1 

DonaLD S. FREDRICKSON 
Fre-1 

AupREY A, FREE 
Bra-1 
Ct-1l 

A. STONE FREEDBERG 
Zi-1 
Zi-2 
Zi-3 

E. FREERKSON 
Frk-1 

O. FREUDENBERGER 
Stn-8 

H. F. FREUNDLICH 
Je-1 

R. H. FREYBERG 
Blo-1 
Blo-2 
Blo-3 

V. FREYDBERG 
Fy-1 

Lars FRIBERG 
Fb-1 
Fb-2 
Fb-3 

ULF FRIBERG 
Bos-3 

Joan F. Frrep 
Br-28 

FELIX FRIEDBERG 
Gr-16 
Ta-3 

HyYMer FRIEDELL 
Fr-1 
Fr-2 
Fr-3 
Fr-4 
Fr-5 
Fr-6 
Fr-7 
Fr-8 
Fr-9 

B. J. Frus-HANSEN 
Sd-1 

F. M. FROESCHER 
Gr-18 


R. K. FuLLER 
Cn-3 


J. F. Futtron 
HI-1 

H. J. Funx 
Fun-1 


JouN FuRCHNER 
Ln-22 
Sto-1 
Sto-2 

Jacos FurtH 
Fu-l 

H. N. Fuyat 
Ra-| 

E. R. GABRIEL! 
Ga-1 

M. K. GarronDE 
Gt-l 

V. N. GALAKHOVA 
Vr-l 

T. W. GALBRAITH 
Bs-8 
Ph-5 
Ph-6 

D. M. GALLAGHER 
Au-4 

J. C. GALLIMORE 
Ber-2 
Sx-] 

J. A. GAMMEL 
Sl1-2 

H. D. GANGNLY 
Bag-1 

WituiaAM F. GANONG 
Fre-1 

SvEN GARDELL 
Bos-4 

DoNALD GARDINER 
Br-4 

D. E. GARDNER 
Bh-2 
Bh-6 
Brd-2 
Ho-16 


WarREN M. GARRISON 


Ha-38 
Ha-46 
Ha-60 

P. W. Gast 
Kp-5 

E. O. Gaston 
Ja-7 


A. A. GATES 
Hu-1 
Hu-9 
Hu-10 


R. GAUTIER 
Jt-1 
Mary Louise GAUTSCHI 
Tap-1 
ELIZABETH GAVETT 
Ho-13 
FRrANcIs GAVIGAN 
Bh-2 
MARGARET GEE 
Ha-29 
Ha-32 
Ha-33 
Ha-34 
Ha-35 
Ha-36 
E. L. GEIGER 
Sae-1 
DRIEDRICH GENSICKE 
Spo-2 
Lynn A. GEORGE 
Bs-3 
Bs-4 
Bs-5 
Bs-7 
Kt-2 
Kt-3 
Kt-7 
Kt-9 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
RosBert S. GEORGE 
Mb-1 


S. N. GERSHOFF 
Ger-1 


C. F. GEsCHICKTER 
To-2 

A. O. GETTLER 
Ge-1 
Ge-2 
Ge-3 

M. E. GetzENDANER 
Kt-4 

F. R. Gras 
Sco-6 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Joun G. Greson, II 
Brw-1 
Flu-1 
Ve-2 
Ve-3 

I. G. F. GitBertT 
Bel-1 


ALFRED GILMAN 
Gd-1 

T. C. Gitmour 
Bg-2 
Bg-6 

James 'T. Ginn 
Ho-13 

S. S. Grvor! 
Gu-l 

J. GinsspurG 
Gs-1 
Ww-2 

B. W. GLAD 
Mys-2 
Stn-8 
Stn-9 

ROLAND GLASER 
Spo-2 

BENTLEY GLASS 
McE-1 
McE-2 
McE-3 

H. GLAUBERMAN 
Gla-1 

G. I. GLEASON 
Ky-6 
Tb-1 

B. L. GLENDENING 
Gi-1 

G. E. GLock 
GI-1 

Joun T. Gopwin 
She-3 

O. E. Gorr 
Co-23 

R. C. GoLpBERG 
Ci-1 

RaymonpD W. GoLpBLUM 
Gol-1 

E. A. G. GoLpir 
Po-2 

ARTHUR GOLDMAN 
Ls-11 


H. C. GoLpTHORPE 
Stn-3 
Stn-5 
Stn-8 
Stn-9 

LEONARD J. GOLDWATER 
Gw-!l 

Henry J. GOMBERG 
Bj-1 

J. K. Gone 
Cn-1 
Cn-2 
Cn-3 
Cn-4 

Louis S. GOODMAN 
Gd-1 

J. F. Goopwin 
Goo-1l 

AUBREY GORBMAN 
Gm-| 

Epcar S. GoRDON 
Maa-l 


M. A. Gordon 
Sb-1 

W. H. Gorpon 
Ov-1 

'T. GORDONOFF 
Mid-1 

DonaLp M. Goss 
Ws-1 

Hirosut Goto 
Kik-1 
Kik-2 
Kik-3 

R. G. GouLp 
Gc-l 

THELMA C. GouLp 
Gu-l 
Gu-2 
Gu-3 
Gu-4 

. GOVAERTS 

Gv-1 
Ha-15 

Epwin J. GRACE 
Rs-1 

E. H. Grau 
Gra-| 

J. Gray 
Pk-2 


SEYMOUR J. GRAY 
MI-1 

SIEGFRIED FRANZ GREBE 
Gb-1 

Davip M. GREENBERG 
Ab-1 
Ab-2 
Gr-1 through Gr-18 
Ha-50 
Ha-57 
Ta-3 

JosepH GREENBERG 
Du-18 
Ls-2 
Ls-4 
Ls-10 

Jesse P. GREENSTEIN 
Br-51 

Rocer L. Greir 
Gre-1 

RicHarp C. GREULICH 
Leb-2 

James S. GREVIOR 
Tap-1 

Rosert S. GRIER 
Ln-7 

GerorGeE C. GRIFFITH 
Be-1 
Bg-5 

D. E. GropzeEnskit 
Grd-1 
Za-1 

JupA GROEN 
Grn-1 


E. G. Gross 
Fea-1 
Fea-2 

WARREN J. Gross 
Go-| 
Go-2 

E. L. Grove 
Gro-l 
Gro-2 
Gro-3 

T. Grucer 
Ce-2 

W. GRUNDHAUSER 
Li-2 

PreETRO GUARESCHI 
Mor-l 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


O. GuBELI 
Boa-| 

C. J. GuBLER 
Gub-1 
Wi-l 
Wi-2 
Wi-3 
Wi-4 

W. D. GupEe 
Ol-1 

M. DEAN GUELBENZU 
San-1 

Guestimate 
G 

G. GuIpoTTi 
Gg-1 

S. A. GuNN 
Gu-l 
Gu-2 
Gu-3 
Gu-4 

E. GuNsEL 
Gun-! 

Ravpu L, GUNTHER 
Jo-1 

Joan GuRIAN 
Br-25 
Br-47 

Puiture F, GusTAFson 
Br-6 
Br-14 
Br-29 
Br-39 
Br-40 
Br-44 
Br-49 
Br-54 
Mn-3 
Mn-4 
Mn-9 
Mn-11 
No-7 
Ros-! 
Ros-2 
Rs-2 

PauL GyorGy 
Wj-1 

Patricia L. HACKETT 
Bs-8 
Hy-4 
Hy-5 
Hy-8 


Patricia L. HACKETT 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
Ph-5 


ALEXANDER HAppow 
Br-51 


LORRAINE HAEGE 
Nt-l 


Pau F. HAHN 
Hn-1 through Hn-7 


C. P. Haicu 
Hai-1 


S. F. Harnes 
Ke-1 

R. HALpIN 
Mys-3 

R. H. HAL 
Bh-6 
Sco-2 

Mary P. Ham 
Ham-1 
Ham-2 
Ham-3 


Joseru G. HAMILTON 
Ha-1 through Ha-104 
Ky-8 
La-1 
La-2 
La-6 


T. S. HAmILton 
Mu-5 
Sam L. HANSARD 
Co-9 
Co-11 
Co-14 
Co-20 
Co-27 
Fe-1 
Fe-2 
Kas-1 
W. C. HANson 
Kt-3 
Kt-12 
H. J. HANTKE 
Mut-2 
Mut-3 
MIcHAEL HARDWICK 
Ti-7 


Epwarp P. Harpy 
Ei-5 

Harriet L. Harpy 
Ln-16 

E. H. Hare 
Hai-1 

Joun H. Hartey 
Ei-3 
Ei-4 
Ei-5 

M. J. Harp 
Hp-1 

GeorGE T. HARRELL 
Ai-2 

R. V. HARRINGTON 
Low-1 

P. S. Harris 
Boe-1 
Ln-2 
Ln-22 

RosBert S. HArRIs 
Bro-1 
Bro-2 
Bro-4 
Ea-1 
Ea-7 

G. E. HARRISON 
Har-1l 
Har-2 
Har-3 
Har-4 
Har-5 
Har-6 

Harowp E. HARRISON 
Hr-1 
Hr-2 

HELEN C, HARRISON 
Hr-1 
Hr-2 

ErLeen B. Harriss 
Sin-1 

Gorpon C. HARROLD 
McC-2 
McC-3 

BENJAMIN HARROW 
Hw-l 

E. B. Hart 
Ej-1 
Ej-2 
Ej-3 
Ej-5 


335 


336 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


H. E. Harr 
Ls-2 
Ls-4 
Ls-5 

JANET HARTZELL 
Fr-2 

TsuyosH1 HAsHIMOTO 
Tak-1 

A. HAssEN 
Hc-1 
Hc-2 

R. J. HAsTeRLIK 
Br-15 
Br-18 
Br-42 
Bri-1l 
Hs-1 
Hs-2 
Hs-3 
Ja-4 
Lb-3 

A. Barrp HAstTINGs 
Hab-1 
Ge-l 

T. F. Hatcu 
Ce-2 

Joun B. HarcHer 
Bor-2 

E. A. HATHAWAY 
Mn-9 
Rs-2 

Hirosur HAYANI 
Hay-| 

R. L. Hayes 
Co-34 


HERMAN R. HAyMonpD 
Ha-90 

Jack W. HEALY 
Hy-1 through Hy-9 
Kt-! 
Kt-11 
Kt-12 

J. C. Heatu 
Hea-1 

A. HEFFTER 
Heu-1 

D. Mark HEcGstTEeD 
Dri-1 
Stv-2 

C. HEIDELBERGER 
Ha-19 


Joun W. Hern 
Ho-17 

W. HEINE 
Hb-1 

Max HErnricu, JR. 
Hei-1 

D. A. HELLER 
Ha-58 
Ha-60 
Ha-65 

Haro.p L. HELwic 
Ash-1 

MariILYN HEMENWAY 
Ha-19 
Ha-31 

Louis H. HEMPELMANN 
Hem-1 
Mr-1 

C. F. HeNDEE 
Fie-1 

ANN HENDERSON 
Ha-77 

E. H. HENDERSON 
Bry-1 

FRANZ HENDRYCH 
Heu-! 

O. HENN 
Hon-1 

F. C. Henriques, JR. 
De-1 

KATHLEEN M. HENRY 
Tom-| 
Tom-2 

KATHERINE HENRY 
Du-5 
Du-6 
Hen-| 

K. E. HerpE 
Bs-3 
Bs-7 
Ph-5 

J. F. Herrick 
Jm-1 

S. Hertz 
Ea-6 
Ea-8 

W. HeEuBNER 
Heu-1 

C. E. HeussNER 
McC-2 

GrorGE HEVEsy 
He-1 
He-2 
He-3 


EvizaABETH M. HEwston 
Di-2 

Francis F. HEYROTH 
Ck-5 

A. HEYROVSKY 
Hey-1 

R. F. Hisss 
Hi-1 

GeorcE M. Hiccins 
Jm-1 

C. Rutu Hitt 
Mon-1 

FREDERICK C. HILi 
Sac-1 

R. Hitt 
Dk-1 
Hil-1 

MARGARET HINDMARSH 
Va-5 
Va-6 

Yosto H1iRAMATAU 
It-1 

E. Hirscu 
Tie-1 

GERTRUDE HirscH 
Br-4 
Br-5 
Br-16 
Br-18 
Br-39 
Br-40 
Br-44 
Se-3 
Fk-1 
Fk-2 

C. R. Hrrcucock 
Kre-1 

Ina Hitter 
Fr-2 

Yosu1o HryAMA 
Hiy-1 through Hiy-7 

S. O. HyERTQUIST 
En-3 

Haro.p C. Hopce 
Ho-1! through Ho-18 
Nu-5 
Vo-l 

E. J. HopceEs 
Kp-5 
Kp-7 

R. H. Hopces 
Md-2 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


F. E. HoEcKER 
Hk-1 through Hk-7 
F. W. HorrBavER 
Br-8 
M. M. HorrMan 
Dog-1 
J. HorrMANN 
Hf-1 through Hf-9 
Joun R. Hocness 
Ro-| 
Duncan A. HOLADAY 
Hod-1 
Hod-2 
W. HoucatTe 
Va-7 
J. M. HoLitanpEeR 
Hoa-1 
Joanne W. HOLicrorr 
Br-10 
Br-38 
Lr-3 
Lr-4 
Lr-5 
H. Ho.uincsHAus 
Stn-8 
O. L. Ho.uis 
Kt-2 
Kt-3 
Kt-10 
Kt-1] 
Ph-3 
Th-15 
Th-17 
Th-20 
Th-25 
Th-27 
B. J. HoLLtoway 
Br-7 
Br-46 
A. V. Homes 
Sn-3 
R. Homes 
Ey-1 
E. F. Hott 
Stn-8 
Stn-9 
P. F. Hott 
Hol-1 
Hol-2 
Hol-3 
Dorsrty E. HoLTKAMP 
Hil-1 


TAKENOBU HoNnGco 
Tak-1 


S. L. Hoop 
Co-10 
Co-12 
Ky-8 

ReyYNo.tp L. Hoover 
Hv-1l 

C. A. Hoprert 
Dec-1 


R. G. Horne 
At-8 
At-14 
Stn-4 


V. G. HorstMANn 
Hy-4 
Hy-5 
Hy-8 
Kt-10 
Kt-11 
Kt-12 

M. K. Horwittr 
Hor-1 

E. Hove 
Ej-1 
Ej-2 

Joun E. Howarp 
How-1 

R. L. Howarp 
S1-2 

J. W. How.anp 
Hd-1 
Hd-2 

VLADIMIR HRstTKA 
Kli-1 

D. M. Hupsarp 
As-1 
Ck-2 
Ck-3 
Ck-8 
Kh-3 

J. GRAMER Hupson 
Au-3 

Rita HuGHEs 
Sac-l 

Rosert M. HuGHEs 
Md-5 

Benct Huttevist 
Sie-1 

Davin M. Hume 
Fre-1 


K. C. Humpureys 
Stn-4 


R. E. Humpuries 
Mr-2 

F. P. HUNGATE 
Kt-10 

DoNnaALpD HUNTER 
Ht-3 
Ht-5 
Ht-6 

F. T. Hunrer 
Ht-1 
Ht-2 

R. B. HunTER 
Ht-4 

S. W. Hunter 
Kre-1 

Joun B. Hursu 
Bh-2 
Hu-| through Hu-17 
Hv-1 
Lb-7 
Lb-10 
Nu-5 

G. M. Hype 
Bni-5 

ArTHUR B. HyMAn 
Wit-1 

FRANCES HysLop 
Fa-2 

Ryusui IcHIKAWA 
Hiy-2 
Hiy-3 
Hiy-4 

N. IKARTYAMA 
Ok-1 

F. I. Incewicz 
Ros-1 
Ros-2 
Ros-4 

D. I. Itin 
Mos-3 


G. W. Inmiriz 
Du-12 

Rutu L. INGALLs 
In-1 

KATASHI INOUE 
Io-1 

ALFRED P. INroccta 
Mi-4 


337 


338 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


J. W. Irving, Jr. 
Ht-1 

J. T. Irvine 
Wk-1 

D. Irwin 
Kg-4 

J. T. Isrocx 
Du-12 

Yosoy1 Iro 
It-1 

K. IvERSEN 
Ack-1 

J. E. Ives 
Iv-1 

E. B. JACKSON 
Je-1 

MeL-vIn L. JACKSON 
Jk-1 

S. H. JAcKson 
Tis-1 

A. JACoB 
Jb-1 

WOLFGANG JACOBI 
Ser-2 

Grorta S. JAcoss 
Gre-| 

LEON JACOBSON 
Ab-2 
De-1 
Fin-2 
Ha-9 
Ja-1 through Ja-8 

Louts JACOBSON 
Ha-50 
Ha-100 

BERTHA JAFFE 
See-1 

EUGENE JAHNKE 
Jh-1 

A. H. JAMEs 
Em-1 
Em-2 


JosepH M. JANEs 


Jm-i 


CEsTMIR JECH 


M. R. JEFFREY 
Je-1 
F. L. JENNINGS 
Br-17 
Br-18 
Rosert B, JENNINGS 
Kra-1 
Kra-2 
NYLAN JEUNG 
Ha-29 
Ha-34 
Ha-35 
Ha-49 
Ha-76 
Ha-77 
Ha-103 
Ha-104 
ARNOLD H. JOHNSON 
Con-1 
HELEN JOHNSON 
Ha-90 
K. JOHNSON 
Ac-6 
O. JOHNSON 
For-1 


Ln-3 


FRANCES A. JOHNSTON 


In-1 
J. E. Jounston 
Ha-98 
Muriev E. JOHNSTON 
Ha-29 
Ha-35 
Ha-48 
Ha-49 
Ha-63 
Ha-74 
Ha-75 
Ha-76 
Ha-77 
Ha-80 
Ha-82 
Ha-103 
Ha-104 
Ky-8 
Perry M. JOHNSTON 
Co-30 
W. H. Jounston 
Ste-1 
E. E. JomNer 
Bni-5 
W. P. JoLLey 
At-4 


W. P. JoLitey 
At-8 
At-14 

NORMAN JOLLIFFE 
Ji-1 

D. C. Jones 
Cd-2 
Cd-3 
Ha-41 

HAropIN B. JonEs 
Ha-15 


Jn-1 


LEONARD Jost 
Js-1 


JENIFER JOWSEY 


J. M. Jupp 


Eg-1 
Eg-2 
Eg-3 

BERNIECE JUE 
Ha-38 
Ha-86 
Ha-87 

BERNARD KABAKOW 
Ls-13 

MartTIn D. KAMEN 
Ka-1 

S. E. KamInsKAYA 
Kk-1 
Kk-2 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Kansas STATE COLLEGE oF AGRI- GEOFFREY KEIGHLEY 
CULTURE AND APPLIED SCIENCE 


Kas-1 
M. Kaplan 
Ha-50 
M. KaAPuscCINSKA 
Kap-1 
W. G. KARAGHAN 
Br-18 
Davis KARNOFSKY 
Bc-1 
M. M. KaseErR 
Hn-2 
L. A. KAsHCHENKO 
Kal-1 
JosEPH Katz 
Br-46 
Kt-1 
Kt-3 
Kt-4 
Kt-5 
Kt-6 
Kt-8 
Kt-9 
Ph-1 
Ph-5 
Ph-6 
Th-1 
Th-23 
. KAwIn 
Ha-7 
Hy-4 
Hy-5 
Hy-8 
Kt-10 
Kt-11 
Kt-12 
Kw-l 
Kw-2 
Kw-3 
Rei-1 
Rs-2 
1 T. Kaytor 
Ve-l 
Ve-3 
Vc-4 
Vc-5 
. R. Keatine, Jr. 
Ke-1 
Ke-2 
RosBert A. KEHOE 
Ck-6 
Kh-1 through Kh-9 


Bor-1 
Nancy KELLER 
Stn-2 
Stn-3 
Stn-4 
Stn-5 
Stn-7 
Stn-8 
Stn-9 
G. M. KELLERMAN 
Kel-1 
FRANK J. KELLY 
Tr-6 
F. E. Kesey 
Hei-1 
J. M. Kenney 
Mn-6 
N. L. Kent 
Kn-1 
Kn-2 
P. W. Kent 
Jy-5 
M. E. Kerr 
Hy-8 
P. KEYANONDA 
Bz-1 
L. L. KHAMAIDE 
Kha-1 
BARBARA KIDMAN 
Tm-2 
Tm-6 
Tm-7 
Tm-8 
Tm-9 
Tm-11 
TAKEHIKO KIKUCHI 
Kik-1 
Kik-2 
Kik-3 
Kik-4 
Io-1 
R. KILPATRICK 
Kil-1 


CHARLES P. KIMBALL 


Fi-3 

F. W. Kinarp 
Kin-1 
Kin-2 
Kin-3 

Joun F. Kincarp 
Sun-1 
Sun-2 


Ear. J. Kine 
Kg-1 through Kg-5 


E. RicHarp KING 
Du-10 
Ki-1 
Pk-l °- 
Pk-2 


ETHEL May KINNEY 
Kv-1 

C. A. Kinser 
Mu-5 


A. F. Kip 
Ht-1 
Ht-2 

Brian H. KirMAN 
Lou-1 


WALTER KISIELESKI 
At-10 
Br-5 
Br-6 
Br-10 
Br-15 
Br-16 
Br-18 
Br-36 
Fin-] 
Fin-2 
Fin-3 
Fk-2 
Li-l 
No-1 
No-5 
No-8 
Pa-3 
Rs-2 
FREDERICK KITTLE 
Ki-1 
I. KLEEMAN 
Ft-1 
Max KLEIBER 
Kas-1 
Kb-1 
Kb-2 
Lf-1 
Lui-1 
ERICH KLEIN 
Kle-1 
IsRAEL KLEINER 
KI-1 


w 
Mrros KiIMAK 


Kli-1 


339 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


FLORENCE J. KuIprev 
Br-45 
Br-46 

EvizABetH L. Knapp 
Kna-1 

J. P. Kner 
Mr-3 

Ravpu M. KNISsELEY 
Ad-1 
Ky-5 

F. L. KNowLEs 
Iv-1 


Harvey C. KNow gs, JR. 


Aj-l 
Ray Ko 
Kor-1 
Henry J. Kocn, Jr. 
Kc-1 
Kc-2 
NosunipE Koxusu 
Mat-1 
Stmon KOLetTsky 
Fr-7 
Km-1 
Joun A. Ko_mMer 
Kol-1 
R. Kotocrivov 
Kp-6 
S. K. Kon 
Hen-1 
Tom-! 
Tom-2 
Tsuysont Kono 
Kik-1 
Kik-2 
Kik-3 
SAMUEL KoRMAN 
Ls-11 


Harry A. KornsBERG 
Bs-3 
Bs-9 
DI-2 
Kt-1 
Kt-2 
Kt-3 
Kt-8 
Kt-9 
Kt-10 
Kt-11 
Kt-12 
Pal-2 
Ph-1 


Harry A. KORNBERG 


Ph-5 
Ph-6 
Th-8 
Th-14 
Th-24 
Th-28 

GEORGE KosEL 
Ao-1 

WILuriaM F. Koss 
Ho-13 

A. KoTzaAREFF 
Ko-1 
Ko-2 

JANET Koziou 
Tn-3 

LEON KRAINTZ 
Kri-1 

Jacos S. KRrAKusIN 
Kra-1 
Kra-2 

A. KRAMISH 
Krm-|1 

A. C. Krause 
Tu-l 

ApDOLF KREBs 
Kr-1 
Kr-2 

A. J. KREMEN 
Kre-1 

Joseru P. Kriss 
Ks-1 

Jack S. KRoHMER 
Tho-1 

Harry KRo.u 
Rs-2 

Louis A. KRUMHOLZ 
Ku-1 

Masami KuGa 
Ak-1 

U. S. G. Kunn, III 
Co-19 

F. C. KuLHANEK 
Ros-1 

LAURENCE J. Kup 
Kp-1 
Kp-2 
Kp-3 
Kp-4 
Kp-5 
Kp-6 
Kp-7 


RomAN KuLwIcH 
Co-20 
Kul-1 
Kul-2 


ARTHUR S. KuNIN 
Dea-1 


V. S. KusHNEVA 
Kus-1 


Howarp L. Kusnetz 
Hod-1 
Hod-2 
Joseru F. Kuzma 
Aw-2 
Aw-3 
Kz-1l 
GRANVIL C. KyKER 
Ky-1 through Ky-9 
C. W. LABELLE 
Bh-6 
M. AnToINE LACASSAGNE 
Lc-1 through Lc-7 


M. P. Lacrorx 
Lac-l 
Lac-2 

Simon LaJMANOVICH 
Lj-l 

WILLIAM L. LAMAR 
Hv-1 

L. F. LAMERTON 
Bel-1 
Sin-1 
Va-6 

IsADORE LAMPE 
Bj-1 

W. B. LANE 
Cn-2 
Cn-3 

C. S. LANFoRD 
Shr-1 


FREDERICK R. LANG 
Lan-1l 
G. LANG 
Rei-1 
K. LANGE 
Ea-3 
R. L. LANGE 
Stn-9 


Hepwic LANGECKER 
Heu-1 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


LANGERON 
Pag-1 
Wricut H. LANGHAM 
An-3 
An-4 
An-6 
An-7 
Ln-1 through Ln-22 
Ro-1 
Sto-2 
H. C. Lanz 
Ha-8 
Ha-11 
Ha-27 
Ha-37 
Ha-47 
Ha-53 
Ha-91 
Lz-l 
Ravpu E. Lapp 
Lp-1 
Lp-2 
SUZANNE LARCEBEAU 
Pao-1 
E. J. LARGENT 
As-1 
Mc-1 
Mc-2 
Kh-8 
Kh-9 
FRANK C. LARSON 
Maa-1 


LArRs-GUNNAR LARSSON 
Lar-|! 


H. C. LARvE 
Du-1l 


S. LAsKIN 
Bh-6 


DANIEL LAszLo 
Ky-8 
Ls-1 through Ls-13 
Rs-2 


K. A. LATHROP 
At-2 
At-11 
At-12 
Br-28 


J. SAMUEL LATTEs 
Lec-1 
Lc-2 
Lc-4 


JEANNE S. LaTrTes 
Le-5 
Lc-6 

K. E. LAuTERBACH 
Bh-6 

J. LAvEDAN 
Le-5 

Duane LA VIOLETTE 
Ray-1 
Ray-2 

BLANCHE J. LAWRENCE 
Fin-2 
No-2 
No-4 

James N. P. LAWRENCE 
Law-1 

Joun H. LAwRENCE 
Bni-1 
Bni-5 
Jo-3 
La-1 through La-7 
So-3 

Joun S. LAWRENCE 
Fi-7 

MARGARET LAWRENZ 
Lw-l 
Lw-2 
Lw-3 
Lw-4 

ALFRED H. LAwTon 
Cw-1 through Cw-3 

L. M. Lea 
Pon-2 

LorRNA LEA 
Va-4 

GLapys LEAVELL 
Dew-1 

G. D. LEBEDEVA 
Mei-1 

C. P. LEBLOND 
Leb-1 
Leb-2 
Fd-1 

G. W. LeppDICOTTE 
Led-1 

VioLA LEDFELDT 
Str-1 

C. C. LEE 
Jy-4 

HELEN C. LEE 
Bni-3 


J. A. LEE 
Go-2 

J. M. LeGorr 
Lg-1 

H. LEHMAN 
Wd-4 

Rosert A. LEHMAN 
Spr-l 

EpGArR LEIFER 
Ro-1 

V. K. LemBerc 
Buk-1 


F. W. LENGEMANN 
Co-24 
Co-28 
Co-35 

E. S. LENHOFF 
Kp-7 

AARON BuNSEN LERNER 
Gol-1 


Rutu LERNER 
Ha-38 
RoMAN LEsKO 
Br-15 
Se-7 
. LESTINA 
Br-32 
Br-45 
Br-49 
Br-53 
Fk-11 
C. Levapirti 
Lyv-1 
MartTIn B. LEVENE 
Ad-1 
W. C. Levin 
Lev-1 
M. D. LEvINE 
Du-2 
Du-4 
Victor E. LEvINE 
Sac-l 
L. Levy 
Fea-2 
Rutu Lewin 
Ls-2 
Ls-3 
Ls-4 
S. Lewin 
Lei-1 


341 


342 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Anne M., Lewis 
Fs-1 
S. J. Lewis 
Le-1 
Maurice V, L’Hevrevux 
Lh-1 
Lh-2 
WILLARD F. Lipsy 
Lib-1 through Lib-7 


R. I. Lrenxi 
Ar-2 
R. D. Litur 
Di-1 
ARTHUR LINDENBAUM 
Ar-5 
Br-15 
Cc. W. Linpow 
Pt-2 
B. LinpqQuist 
Bau-3 
Bau-9 
Bau-10 
Bau-11 
Bau-12 
Bau-13 
Bau-15 
B. F. LinpsLey 
Du-6 
WILLIARD R. LINE 
Ho-12 
J. Ligurer-Mitwarp 
Hea-| 
HERMANN Lisco 
Ab-2 
Br-5 
Br-6 
Br-7 
Br-10 
Br-12 
Br-13 
Br-14 
Br-15 
Br-16 
Br-20 
Br-21 
Br-22 
Br-28 
Br-29 
Br-32 
Br-35 
Br-36 
Br-42 


HERMANN Lisco 
Br-43 
Br-45 
Fk-9 
Ky-8 
Li-l 
Li-2 
Li-3 
Li-4 
T. A. Lrrovirz 
To-2 
ALEXANDER A. LITTLE 
Lit-1 
M. F. Litre 
Brd-2 
N. H. Lirvinov 
Lt-l 
Lt-2 
Lt-3 
C. H. Liv 
Mcm-1 
G. P. LorGREEN 
Lf-1 
James E. Lorstrom 
Sik-1 
J. H. LocorHetropou.os 
Don-1! 
E. W. Lour 
Ab-1 
Ab-4 
Lew-! 
L. LoMHOLT 
He-2 
P. LoNnTIE 
Lon-1 
F. Loomis 
Ha-9 
WILuiAM B, Looney 
Br-15 
Br-17 
Br-18 
Br-44 
Hu-15 
Ja-4 
Lb-1 through Lb-13 
J. K. Loost 
Vi-l 
J. M. Lopez pE Azcona 
San-1 
Econ LorENz 
Lr-1 


EGon LoRENz 
Lr-2 
Lr-3 
Lr-4 
Lr-5 
Br-10 
Br-38 

P. C. Lorick 
Md-14 

R. LorMar 
Boa-1 

C. Lorz 
Bni-2 

VirGiniA Lotz 
Pi-1 

W. E. Lorz 
Co-16 
Co-26 
Co-33 

B. J. Loure 
Ha-65 

J. F. Lourrr 
Har-3 
Lou-l 

S. K. Love 
Lew-1 

W. D. Love 
Lov-1 
Lov-2 

F, LowATER 
Gl-1 

B. V. A. Low-BEER 
Lo-1 
Lo-2 

M. Lowe 
Stn-5 
Stn-8 

J. R. Lowry 
Low-1 

H. F. Lucas, Jr. 
Br-7 
Br-14 
Br-48 
Ros-| 
Ros-2 
Ros-3 
Ste-1 
Ste-3 
Ste-4 

A. J. LurssENHOP 
Ber-2 
Sx-l 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Jack R. Luicx 
Kb-2 
Lui-1 

F. D. W. LuKERAs 
Wj-1 

AF Lunpb 
Ld-1 
Ld-2 

E. SACERDOTE DE LusTIG 
Mac-l 
Mac-2 

Rosert E. Lutz 
Lu-l 

HERMANN Lux 
Lx-1 

Wituram C. Lynam 
Fr-2 

D. E. Lyncu 
Ly-1 

G. Rocue Lyncu 
Ly-2 

ALFRED R. MAass 
Maa-1 


M. MACHEBOEUF 
Beg-2 
Beg-3 

WILLARD MACHLE 
Mc-1 
Mc-2 


G. E. Mappox 
Du-1l 
Du-7 
Pepro Horacio MAGNIN 
Lj-1 
WALTER E. MAGNUSON 
Mag-1 
M. E. MAHEY 
Wi-3 
J. P. MAHONEY 
Wi-1 
Wi-4 
Louis C. MAILLARD 
Mai-1 through Mai-5 
E. R. Main 
Nu-2 
M. MajeRovA 
Beo-1 


R. I. MAKARYCHEVA 
Mav-l 


M. C. MALAKAR 
Bp-1 
Bp-2 


ConsTANTINE J. MALETSKOS 


Bro-1 
R. E. MAncInI 
Mac-l 
Mac-2 
Nz-l 
Nz-2 
JEANNE F, MANERY 
Bw-2 
Y. MANIN 
Lv-1 
Marian L. MANLY 
Bw-3 
Ho-15 
W. MANN 
Ho-1 
Ho-5 
Ho-10 
W. M. MANNING 
Br-11 
AMBROGIO MANTEGAZZA 
Man-1l 
A. N. MAREI 
Mei-1 
A. MARIAKULANDAI 
Mak-1 
Leonipas D. MARINELLI 
Mn-1 through Mn-13 
Ros-1 
Ros-2 
Ros-3 
Ros-4 
Br-14 
Br-15 
Br-29 
Br-39 
Br-40 
Br-44 
Br-49 
U. Marinoni 
Vt-l 
E. K. Marks 
Ja-7 
Ja-8 
S. MARkKs 
Bs-2 
Bs-3 
Bs-5 
Bs-7 


S. MARKs 
Hy-8 
Kt-3 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
Ph-5 
Ph-6 

H. H. MARRER 
Du-19 


A. MARSHAK 
Mas-1l 


RicHARD H. MARSHAK 


Mah-1l 

J. H. MarsHaAti 
Jy-6 
Ros-1 
Ros-4 

E. A. MARTELL 
Mar-l 
Mar-2 

J. B. MARTIN 
Bee-1 

M. MencER MARTIN 
Mart-1 


HARRISON S. MARTLAND, SR. 
Mr-1 through Mr-9 


PretRo MASCHERPA 
Mp-1! 

M. W. Mason 
Du-10 

Apo MastuRrzo 
Maz-1 

TAKASHI MATSUKI 
Kik-3 
Kik-4 

Marion MATTHEWS 
Lr-3 

Pau A, Mattis 
Fr-2 
Mt-1 
Mt-2 


SHINNOSUKE MATUURA 


Mat-l 
WERNER MAURER 
Mau-l 
Mau-2 
Mau-3 
C. A. Mawson 


Mw-1 through Mw-6 


343 


344 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


S. W. MAYER 
Ky-8 
E. A. MAYNARD 
Bh-6 
Ho-4 
Ho-9 
Ho-11 
LAURENCE S. MAYNARD 
May-1 
May-2 
W. V. MayNEorD 
Mae-1 
Mae-2 
C. W. Mays 
Mys-1 
Mys-2 
Mys-3 
Stn-3 
Stn-5 
Stn-8 
Stn-9 
Vd-5 
MARCELLA MAzuR 
Cr-1 
Cr-2 
Do-2 
GIANFRANCO MAZZUOLI 
Ls-12 


Joun MEALEY 
Mea-1 

J. H. Means 
Ea-6 

Stuart F. Merk 
McC-2 
McC-3 

J. MEISSNER 
Frk-1 

JoseruH MEIrTeEs 
Me-1 


H. MELCHINGER 
Cat-3 

H. H. Merritt 
Yu-1 

. MESCHAN 
Od-3 
Od-4 
Od-5 

H. B. MEsstncer 
Du-10 


JOHANNA MEYER 
Ky-9 


R. S. Mica 
Stn-3 
Stn-5 
Stn-8 

JosePpH MICHAEL 
Gr-4 
Gr-10 

S. MICHAELSON 
Bh-2 

S. M. MIKHAILOvICH 
Mik-1 

V. MILANICH 
Fr-7 

C. E. MILLer 
Br-15 
Br-29 
Br-44 
Mn-7 
Mn-8 
Mn-10 
Ros-| 
Ros-2 
Ros-3 
Ros-4 

E. J. MILLer 
Sw-l 

E. R. MILLer 
Ha-15 
Ha-16 
Ha-17 
Ha-18 
Ha-42 
Sn-3 

EsTHER S. MILLER 
Kt-4 

H. MILier 
Goo-1 

RusseLyt F. MILiter 
Mil-1 

Morris F. MILLIGAN 
Hv-1 

W. L. MILNE 
Cn-2 
Cn-3 
Cn-4 

REGINALD MILTON 
Ht-6 

W. MINDER 
Mid-1 

VIRGINIA MINNICH 
Db-1 
Db-3 


A. S. Minor 
Au-1 
Min-1 through Min-4 
Wa .tace L. MINTO 
Fi-6 
Fi-9 
AvARD M. MirTcHELL 
MI-1 
H. H. MircHe.tui 
Fs-2 
Fs-3 
Fs-5 
Lw-1 through Lw-4 
MI-3 
Mu-5 


H. S. MircHeyi 
Cp-1 

WALTER G. MITCHELL 
MI-2 

TApDASHI MIYAKE 
Io-1 

WALTER MoDELL 
Bod-1 

R. H. More 
Eg-2 
Va-7 
Va-8 

G. W. Monter-WILLIAMS 
Mow-1 


R. A. Monroe 
Co-15 
Co-23 
Co-26 

WriLuiAM MontTAGNA 
Mon-l 

M. L. MonTGoMERY 
Sn-1 
Sn-2 
Sn-4 
Sn-5 

Joan R. Moor 
Bro-2 

C. V. Moore 
Db-1 through Db-5 


Francis D. Moore 
Em-1 
Em-2 
Sd-1 

G. E. Moore 
Kre-| 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


J. H. Moore 
Moo-1 
Moo-2 

ELIzABETH MORETTI 
Br-28 


W. H. Moretz 
Wi-1 
A. MorGAN 
Cl-3 
Cl-4 
Cl-5 
Cl-6 
Cl-7 
Cl-8 


Kart Z. MorGAN 
Br-3 
Br-11 
Ha-55 
Ha-62 
Hu-14 
Hy-1 
Hy-3 
Ma-2 
Mkz-1 
Mkz-2 
Mw-5 
Ph-4 


D. M. Morken 
Bh-2 


Dona_Lp A. MorRKEN 
Mk-1 
Mk-2 


Este MorrELL 
Wil-1 

H. J. Morris 
Mo-1 


J. P. Morris 
St-2 


D. C. Morrison 
Ha-89 


Dempsiz B. Morrison 
My-1 
My-4 


P. E. Morrow 
Bh-2 
Ca-4 
Sa-5 
Sco-6 


Jerome G. Morse 
Gu-1 


Lura M. Morse 
Ta-4 

M. E. Morton 
Ky-8 
Pm-1 
Pm-2 

GIovaANNni Moruzzi 
Mor-1 


ALFREDO MoscCARIELLO 
Ms-1 

CAMPBELL MoseEs 
Mb-1 

H. Moses 
Ros-1 


Roscoe S. Mosman 
Ray-1 

Yu. I. MosKALEv 
Mos-1 
Mos-2 
Mos-3 
Mos-4 


Harry Most 
Cw-4 

NisHIKAWA Mortozo 
Io-1 

Cc. R. Morr 
Stn-3 

J. G. Morrram 
Re-1 

Atvin L. Moxon 
Mx-l through Mx-5 


FRANK R. Mraz 
Pah-1 through Pah-4 


JOHANNA MUELLER 
Ti-1 

JosepH C, MUHLER 
Muh-| 
Muh-2 

J. R. Murr 
Ber-5 

W. C. Mutay 
Du-13 

Tuomas J. MuLHONEY 
Br-16 

James W. Muti 
My-2 
My-3 

R. H. MuLier 
Ge-2 


James W. Muti 
My-2 
My-3 

W. C. Mutry 
Pr-1 

B. J. MuLtryAn 
Nu-2 
Nu-8 

J. I. Munn 
Du-5 
Du-15 

D. S. Munro 
Kil-1 

Makio MurRAYAMA 
Gr-14 


F, J. Murpuy 
Sew-1 


MARGARET M, Murray 
Bow-1 
Bow-2 
Gl-1 
HERMANN MuTH 
Mut-1 through Mut-5 


RoLAND MuxArT 
Fj-1 

N. B. Myant 
Po-1 
Po-2 

Howarp M. Myers 
Mye-1 
Mye-2 

Victor C. Myers 
My-1 through My-4 

M. Myrick 
Br-44 

Norman S. MacDonaLp 
Md-1 through Md-17 
Rs-2 
Wr-5 

A. G. MacGREGOR 
Goo-1 

WiturAM J. MacIntyre 
Fr-4 
Fr-5 

KENNETH MACKENZIE 
Mz-1 through Mz-3 


FLORENCE L. MacLeop 
Wil-1 

J. CG. MacMILitan 
Wr-3 


345 


346 


CLarRE McArTHUR 
Ma-1l 
Md-2 
Md-5 
Md-9 
J. T. McCarri 
Fe-1 
Fe-2 
Rosert A. McCance 
Kn-1 
Kn-2 
Wd-1 through Wd-7 
Wd-9 through Wd-13 
Patricia T. McCartuy 
Mh-1 
C. M. McCay 
Mcm-1 
WALTER S. McCLeLLAn 
Mf-1 
L. T. McCuinron 
Se-4 
F. J. McCiure 
Mu-! through Mu-5 
E. V. McCoiium 
Kv-1l 
WiLuiAM McConaHEyY 
Ke-2 
KENNETH P, McConneLi 
Mkp-1 
Mkp-2 
Mkp-3 
Carey P. McCorp 
McC-1 through McC-3 
E. C. McCrAcKEN 
McK-1 
J. McCrae 
Mj-1 
K. K. McDAaAnieL 
Ti-2 
Ti-4 
Ti-5 
Ti-6 
Ti-7 


Francis G. McDona.p Bil-1l 


BonniE B. McDonaLp 
Wil-1 

WiiurAmM D. McELroy 
McE-1! through McE-3 

Rosert MclIssac 
McI-1 

Joun M. McKrssin 
Dri-1 


WALTER B. McKisBen 
Wr-5 

A. S. McLEAN 
McL-1 


F. C. McLean 
Bl-2 
BI-3 

Recina McLeEAN 
Au-3 

Epw1n McMILian 
Bor-1 
Bor-2 


Witiiam D. McNALLY 
McN-1 

R. R. McNary 
Kh-3 

Rutu McNunis 
Br-4 

Davin H. NAIMARK 
Nm-| 

A. NAKAO 
Bd-3 
Bd-4 
Bd-5 
Br-39 


Kart Forp NAKKEN 
Ny-1 

L. E. NAPIER 
Boy-1 

AGNES NARANJO 
Br-24 
Br-34 
Br-35 

D. NARAYANARAO 
Vk-1 

GeorcE L, NARDI 
Na-1 through Na-3 

Paut A. NEAL 
Fa-3 
Fa-6 

WILLIAM NEAL 
Br-5 
De-1 

J. B. Nemanps 
Ne-1 

A, A. NELSON 
Fz-1 
Ra-! 

ARNE NELSON 
En-4 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


J. Eucene NELson 
Ve-3 

Norton NELSON 
Nn-1 

J. T. NeRANncy 
St-2 

A. T. NEss 
Cw-l 
Cw-2 
Cw-3 
Cw-4 

M. W. NeuMAN 
Nu-2 
Nu-6 

WiLuiamM F. NEuMAN 
Ao-1 
Ho-3 
Ho-4 
Nu-1| through Nu-10 
Sco-3 


Rosert A. NEWBURGER 
Mah-1l 


H. B. NeEwcomsBe 
Nw-l 

R. R. NEWELL 
Br-34 


R. N. NEwMAN 
Ha-31 
Ha-32 
Ha-33 
Ha-34 
Ha-35 
Ha-36 
Ha-49 

B. NEYMAN 
Tie-1 

N. G. NHAvI 
Ps-2 

W. L. NicHOoLson 
Kt-10 

J. J. Nickson 
Br-13 
Br-36 
Br-43 
Ni-1 
Ni-2 
Ni-3 

WILLIAM NIEDERMEIER 
Bil-1 

J. M. Nreisen 
Rie-1 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 347 


A. Levin NIELSON R. E. NusBAum TAKAWO OHTsu 
NI-1 Bg-3 Oh-1 

ANNEMARIE NIKLAS Bg-5 H. Oxumo 
Mau-! through Mau-3 Bg-6 Ok-1 


C. NoLan 
Sk-2 

M. M. Nop 
Co-25 
Co-32 
Co-34 
Co-35 
Co-36 

T. R. Noonan 
Al-1 
Nt-l 


AKE NORHAGEN 
Nh-1 
C. Norris 
Ge-| 
WIxuiAMm P. Norris 
Br-5 
Br-6 
Br-7 
Br-10 
Br-14 
Br-15 
Br-16 
Br-18 
Br-32 
Br-35 
Br-36 
Br-44 
Br-45 
Br-46 
Fk-2 
Ky-8 
Mn-3 
No-1 through No-9 
Rs-9 
Ste-1 
W. D. Norwoop 
Rs-2 
P. C. NowELL 
Col-1 
P. Noyes 
Md-14 
Wr-5 
ConsTANTINO NUNEZ 
Nz-1 
Nz-2 
R. E. NuspAuM 
Bg-: 


Md-1 through Md-3 
Md-5 through Md-8 


Md-11 
Md-12 
Md-13 
Md-16 
Md-17 
Wr-5 
E. NussBAUM 
Hu-13 
OppvarR NYGAARD 
Ny-1 
Witia D. OAKLEY 
Bs-4 
Kt-2 
Kt-7 
Kt-9 
Kt-10 
Kt-11 
Ph-3 
Th-9 
Th-15 
Th-20 
Th-23 
Th-25 
James A. O’BRIEN 
Ho-16 


M. H. O’Connor 
Ah-1 
V. J. O’Conor 
Bul-1 
Ky-8 
T. H. Oppre 
Od-1 through Od-5 


ERIK ODEBLAD 
Bos-1 
Bos-2 
Bos-3 
Bos-5 
Nh-1 
T. T. Ope xt, Jr. 
Ol-1 
Up-1 
Howarp T. Opum 


Om-1! through Om-3 


GLEN E. OGDEN 
Cw-1 
Cw-3 


J. O’LEaryY 
Nu-8 

R. OLIvEeR 
Jy-5 
Va-l 

R. A. OLSEN 
Stn-5 

J. B. O’Net 
Jy-4 

D. F. OppyKke 
Op-! 

P. A. ORKIN 
Ht-4 

C. R. Orr 
Or-! 

E. Osury 
Bu-1 
Wit-1 

T. G. OsLeR 
Ly-2 

P. OrTosEN 
Stn-5 

H. OverRKAMP 
Oe-1 

W. J. OvERMAN 
Ov-1 

Roy OVERSTREET 
Ha-5 
Ha-9 
Ha-50 
Ha-100 
Ja-2 
Ja-5 

C. A. OwEN 
Ke-2 

E. C. OWEN 
Ht-4 

MAvuREEN OWEN 
Jy-1 
Tm-4 
Tm-5 
Va-3 
Va-6 

J. E. Pace 
Bra-1 

PAGET 
Pag-1 


348 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


E. P. PAINTER 
Pa-l through Pa-3 


Etna L. PALMER 
Ky-5 
R, F. PALMER 
Hy-4 
Hy-5 
Hy-8 
Kt-3 
Kt-10 
Kt-11 
Kt-12 
Kw-l 
Kw-2 
Pal-1 
Pal-2 
Ph-3 
Ph-5 
Ph-6 
Th-24 
Th-28 
EDWARD D. PALMES 
Nn-1 
CLAUDE PAOLETTI 
Pao-1 
CHARLES R. PARK 
Nn-1 
HERBERT M. PARKER 
Kt-8 
Ph-1 through Ph-6 
D. B. PARRISH 
Gi-1 
MARSHALL W. PARROTT 
Ha-29 
Ha-30 
Ha-31 
Ha-32 
Ha-33 
Ha-35 
Ha-43 
Ha-44 
Ha-49 
Ha-63 
Ha-75 
Ha-77 
Ha-97 
Ha-98 
Ha-104 
WILLIAM PARSON 
Pw-l 
R. J. PARsons 
Bni-5 


B. D. PATE 
Sma-l 
J. C. PATERSON 
Pat-1 
M. PATNAIK 
Pn-1 
H. Parrick 
Co-23 
Pah-1 through Pah-5 
V. N. PATWARDHAN 
Ps-1 through Ps-3 
P. R. PAYNE 
Cm-1 
WENDELL C. PEACOCK 
Bc-1 
Flu-! 
K. PEARSON 
Pea-| 
Pea-2 
Nancy S. PEARSON 
Bro-2 
Pau. B. PEARSON 
Kul-1 
Kul-2 
CHARLES PECHER 
Pe-1 
Pe-2 
Rosert A, PEELOR 
Bj-1 
R. C. PENDLETON 
Kt-12 
MARGUERITE PEREY 
Py-1 
R. F. Perkins 
Hy-4 
Hy-5 
R. W. PERKINS 
Rie-1 


Jesse D. PeRKINSON, JR. 


Co-26 
Pk-1 
Pk-2 
ANNE PERLEY 
Fs-4 
I. PERLMAN 
Pm-1 
Pm-2 
Hoa-1 
JEAN PERRIN 
Lc-1 
Le-2 


Lc-4 


J. D. Perrincs 
An-3 
An-6 

Joun E. Perry 
Lev-1 

KENNETH M. A. PERRY 
Ht-6 

F. I. PETERMAN 
Ud-l 

W. H. PETERSON 
Pt-1 
Pt-2 

I. K. PeETRovicH 
Pet-1 

S. S. PHATAK 
Ps-1 

Paut H. Puiuirs 
Mil-1 

I. A. PIGALEV 
Pig-1 

J. J. Prvayian 
Pah-3 


Ernest A, PINSON 
An-1 
An-2 
Ln-11 
Pi-1 through Pi-7 


H. B. Pinto 
Zi-2 
Zi-3 

A. A. Pinus 
Pin-1 

A, Pirie 
Va-8 

G. Prrzio-Brro.! 
Boh-1 
Boh-2 

C. B. PirrinGEeR 
Fea-1 
Fea-2 

Rosert F. Pirrts 
Gre-1 


W.R. PLatr 
Pl-1 
M. P. PLUMLEE 
Co 9 
Co-14 
Co-27 
E. Ertc Pocuin 
Po-| through Po-5 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


W. T. PoMMERENKE 
Hn-7 

R. PonLotr 
Pon-|1 
Pon-2 

G. D. Pororr 
Or-1 

James Post 
Ha-49 
Ha-103 

S. Poste. 
Ab-1 
Ab-4 

G. D. Porrer 
Ci-2 

R. L. Porrer 
Mx-5 

V. R. Porrer 
Ej-4 

A. M. Ports 
Ab-1 
Ab-4 

MARSCHELLE H. PowErR 
Ke-1 
Lit-1 

M. L. PREMER 
Ar-7 

T. C. PRENTICE 
Bni-5 

L. PREVITERA 
DiS-1 

A. P. PREZYMA 
Pr-1 

Rosert E. Priest 
Dek-1 

L. PRODAN 
Pd-1 
Pd-2 

C. Lapp PRossER 
Pa-| 
Pa-3 
Pc-1 

V. K. Puntns’KA 
Pu-1 

F. B. QuEEN 
Pal-1 
Pal-2 

M. S. RABEN 
Rab-1 

J. M. RApLEYy 
Mae-! 
Mae-2 


Jack L. Rapomskr 
Ra-1 

PauL RAESER 
Tr-1 

B. RajJEwsky 
Mut-3 
Mut-5 
Scr-1 

HuGu RAMAGE 
Rm-| 
Rm-2 

Epwarp S. RAMBOUSEK 
Sei-1 

CHALLICE RANDALL 
Ho-9 

Ruton W. Rawson 
Ska-1 

C. T. Ray 
Tr-2 through Tr-8 

GeorGE B. Ray 
Fa-5 

Rosert D. Ray 
Bau-16 
Ray-1| through Ray-3 
Rs-2 

T. W. Ray 
Ry-1 

W. H. A. RaymMonp 
Har-1| through Har-5 

BARBARA RAYNER 
Tm-! 
Tm-3 
Tm-6 
Tm-7 


Joun Reap 


Re-1 
Re-2 

R. F. REcoDER 
Rc-| 


J. W. RepmMonp 


Hi-1 

Car E. REHFELD 
Reh-! 
Stn-5 
Stn-8 
Stn-9 

E. C. REIFENSTEIN 
Ar-6 
Ha-41 

K. H. Rerner 
Rei-1 


GeorGe S. RErrrer 
Mr-7 


ARNOLD S. RELMAN 
Dea-1 


H. E. RENscHLER 
Kil-1 

Corrine F. Resta 
Sik-1 

Joun C. Reynotps 
Mn-il 


PAuL REZNIKOFF 
Au-! 


Morris RHIAN 
Mx-1 
Mx-4 


R. P. RHOADES 
Ab-5 

Marion B. RicHArps 
Ri-1 

R. K. RicHarps 
Tb-2 

Victor RICHARDS 
Bir-1 

C. R. RicHMonpD 
Ln-13 
Rh-1 

D. RICHTER 
Gt-l 

H. G. Rieck 
Rie-1 
Rie-2 

LEoLta RIEtTz 
Br-9 
Br-35 

R. W. RINEHART 
Cn-4 

D. RITTENBERG 
Sp-1 

JoHANNA RITTNER 
Ti-7 

B. M. Rix 
Tp-l 

E. S. Rospaypexk 
At-8 
At-13 

A. RoBERTs 
Ea-6 
Ea-8 

H. K. Roperts 
Db-3 


349 


350 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


James S. RoBERTSON 
Cn-4 
Ha-102 
J. Ropicuon 
Leb-1 
J. Rosrnson 
Sx-1 
M. J. Rosson 
Ja-7 
Ja-8 
W. T. RockHOLD 
At-15 
ELEANOR B. RODGERSON 
Cox-1 
D. Roescu 
At-8 
At-14 
Betry S. RoGErs 
Boe-1 
Marvin ROLLINS 
Fr-1 
R. B. RoMNEY 
Lov-1 
P. G. Roore 
Hk-1 through Hk-4 
R. E. Roor 
Bh-6 
Sco-2 
G. RoskE 
Sf-3 
Joun E. Rose 
Br-7 
Br-14 
Hn-5 
Ros-1 through Ros-4 
Mary Swartz Rose 
Rw-!l 
Rw-2 
R. S. RosEDALE 
Or-1 
D. RosENBAUM 
Ja-3 
I. N. RosENBERG 
Gc-l 
S. A. RosENBERG 
Fr-3 
Fr-7 
IRENE ROSENFELD 
Rf-1 
Rf-2 


Marcia W. RosENTHAL 
Br-28 
Br-41 
Nr-28 
Rs-1 
Rs-2 
Mitton S. Ross 
Wit-1 
J. Rorsiat 
Rj-1 
Rj-2 
Dorotuy M. RotH 
Mkp-3 
Lioyp J. Rorx 
Ro-1 
AsER ROTHSTEIN 
Rt-1 
Dona.Lp E. Rounps 
Md-4 
Md-7 
Md-8 
Md-10 
Md-15 
Md-17 
R. E. RowLanp 
Br-29 
Br-44 
Jy-6 
Ros-| 
Ros-3 
Ros-4 
J. RowLey 
Brd-2 
A. C. Roy 
Boy-1 
G. W. Royster, JR. 
Ber-5 
M. I. Rusin 
To-2 
A. S. Rusy 
Stn-9 
E. A. Ruptk-GNUTOVA 
Za-l 
Roserts RuGu 
Ru-! through Ru-3 
J. Runpo 
Rd-1 
Rd-2 
Rd-3 
L. S. Ruser 
Rus-! 


Davip E. RusHING 
Hod-2 


Epwin R. RussELL 
Ni-1 
Pa-1 
Pa-3 
Se-7 

R. Scotr RussELL 
Co-31 
RI-1 


Joun H. Rust 
Ku-1 

W. A. RutTH 
Lw-l 
Lw-3 
MI1-3 

E. J. RUTHERFORD 
Rut-1 

O. Rycu 
Rg-1 
Rg-2 

F. R. Sasin 
Sg-l 

Georce A. SACHER 
Pa-3 

ADOLPH SACHS 
Sac-1 

Jacos SACKS 
Sj-l 

V. SADASIVAN 
Sad-1 

U. SAGLID 
Rd-2 

YOsSHIKAZU SAHASHI 
Sah-1 

A. V. St. GEORGE 
Ge-2 


TAKESHIGE SAKURABAYASHI 


Ega-1 

P. R. SALERNO 
Fr-3 
Fr-6 
Fr-8 
Fr-9 

Pau. R. SALERNO 
Mt-2 

Jos—EPH SAMACHSON 
Ls-12 
Ls-13 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


YASUSHI SAMESHIMA 
Mat-l 


PHYLLIS SANDERS 
Sto-1 
Sto-2 

S. M. SANDERS, JR. 
Sae-1 


MarGARET H. SANDERSON 
Br-46 


V. A. SANOTsKII 
Sav-1 

A. Santos-Ruiz 
San-1 

R. Sato 
Br-18 


M. M. Saurov 
Mei-1 


W. B. SAvcHECK 
Ar-1l 

E. Scuicks 
Lac-2 

P. R. ScHLOERB 
Sd-1 

HERMAN SCHLUNDT 
St-1 through St-4 


C. L. A. Scumiptr 
Gr-12 
Ta-l 
Ta-2 

G. SCHNEEBELI 
Stn-9 


FRANCES A, SCHOFIELD 
Wil-1 

J. GC. ScHoo.ey 
Co-37 

ALFRED SCHRAUB 
Mut-1 
Mut-2 
Scr-1 
Scr-2 

E. ScHRAUB 
Scr-1 

Nora E. SCHREIBER 
S]-2 
SI1-3 


W. G. ScHRENK 
Gi-1 


Henry A. SCHROEDER 
Sha-1 


S. B. ScHRyYVER 
Sv-1 

JAck ScHUBERT 
Br-15 
Br-25 
Br-41 
Se-1 through Se-7 
Ar-5 


Rosert L. Scuucu 
An-3 
An-5 
An-6 
Ln-17 


ARTHUR R. SCHULERT 
Kp-2 
Kp-3 
Kp-7 
M. O. ScHULTZE 
Sc-l 


Irvinc L. SCHWARTZ 
Sch-1 


MELVIN C. SCHWARTZ 
Bil-1 


E. W. SCHWARTZE 
Scw-l 


W. ScHWEITZER 
Sto-2 


NorMAN E. ScoFreLp 
Lo-2 


C. W. Scotrr 
Gro-1 
Gro-2 


D. A. Scorr 
Sct-1 
James K. Scorr 
Sco-1 through Sco-6 
Ao-| 
Bh-6 
Nu-7 
Ho-4 
To-4 


KENNETH G. Scott 

Ha-8 

Ha-9 

Ha-12 
Ha-13 
Ha-23 
Ha-27 
Ha-28 
Ha-37 


KENNETH G. ScoTr 
Ha-38 
Ha-46 
Ha-50 
Ha-53 
Ha-60 
Ha-83 through Ha-96 
Ha-100 
Ha-101 
Ja-5 
La-4 
La-5 
So-1 through So-5 
Rosert G. Scotr 
Sa-9 


R. K. Scotr 
Od-2 

F. I. ScouLar 
Hol-3 
Hp-1 

G. M. ScriBNER 
Br-32 
Br-45 
Br-46 
Br-50 

G. T. SEABORG 
Hoa-1 

Joun A. SEALANDER, JR. 
Sea-1 

J. SEDLET 
Hv-1 
Rs-2 

LINDON SEED 
See-1 

HeEnr! C. SEIBERT 
Ab-1 through Ab-4 

S. M. Serpiin 
Bu-1 

JosePH SEIFTER 
Sei-1 

L. J. SEIGNEUR 
Bs-5 
Kt-10 
Kt-11 
Kt-12 
Hy-4 
Hy-5 
Hy-8 

Harvey A. SEIL 
Sb-1 

A. A. SELDERS 
Kt-10 


351 


352 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


M. SERVIGNE 
Lc-7 

K. SEyMouR 
Stn-5 
Stn-8 
Stn-9 

Pau. D. SHANDLEY 
Sy-l 

B. SHAPIRO 
Sf-3 

JAcos SHAPIRO 
Bh-2 
Sf-1 
Sf-2 

CHARLOTTE P. SHAW 
Fa-4 

H. C. SHaw 
S]-2 

James H. SHaw 
Sog-1 

PAuL A. SHAW 
Shw-1 

CHARLES SHEARD 
McK-!1 

J. H. SHELpDon 
Rm-! 
Rm-2 

G. E. SHELINE 
Ha-19 
Sn-1 through Sn-5 

C. J. SHELLABARGER 


She-1 through She-3 


H. C. SHERMAN 
Shr-1 
Shr-2 

J. B. Sureips 
MI-3 

V. V. SHIKHODYROV 
Shi-1 

Nosuo SHIMADA 
Ak-1 

N. F. Sump 
Ke-1 

Ray L. SHirLey 
Sw-l 
Sw-2 
WI-1 

ALFRED T,. SHOHL 
Sh-1 

EPHRAIM SHORR 
Sho-! 


Ro.tr M. SIEvERT 
Sie-1 
Sie-2 

ME LvIN R. Sixov 
Sik-1 


HANNAH E. SILBERSTEIN 


Si-1 
Fi-7 
Fi-10 

H. SILvERSTONE 
Tn-2 
Tn-3 

H. C. Smwcuowi1tTz 
Sim-1 

Eric L. Stmmons 
Ab-2 

Eric L. Stmmons 
Ja-l 
Ja-6 
Ja-8 
Fin-2 

S. J. Smmons 
Sc-l 

D. G. SIMONSEN 
Bg-4 

LinDA SIMPSON 
Sk-2 
Sk-5 

W. K. Srnciair 
Sin-1 

F. M. Stnex 
Gc-1 

LEON SINGER 
Ar-3 
Ar-6 
Ar-7 
Co-4 
Co-6 

H. O. SINGHER 
Mn-2 

WittuaM E, Siri 
Bni-5 
Sr-l 

H. A. Sissons 
Jy-2 
Va-3 

M. L. SizELAND 
Sz-1 

Benct N. SKANSE 
Ska-1 
Ska-2 


J. T. SKINNER 
Pr-l 
F. H. SkiprPer 
Fe-2 
Howarp E. SKIPPER 
Co-10 
Sk-1 through Sk-5 
ELLEN SKIRMONT 
Ja-4 
Lb-3 
RiETA SLAKTER 
Kp-4 
R. H. SLATER 
Ly-2 
A. A. SMALES 
Sma-l 
A. H. Smiru 
Lf-1 


DoreEN M. SMITH 


Ham-1! through Ham-3 


E. L. Smrru 
Bra-1 


ELMER R. SMITH 
Ash-1 
Kc-1 
Kc-2 

F. A. Smrru 
Bh-2 
Bh-6 
Ca-4 
Ho-16 
Ho-17 
Sa-5 
Sa-16 
Sm-1 


GENEVA A. SMITH 
Sco-5 
To-4 

G. N. SmitrH 
Kt-3 
Ph-5 
Ph-6 

HomeER W. SMITH 
Dr-1 
Dr-2 


M. I. SmirH 
Sm-2 through Sm-4 


P. K. Smitru 
Ra-l 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


V. H. SmitH 
Hy-4 
Hy-8 
Kt-10 
Kt-12 
J. N. SnrDER 
Bag-1 
R. K. Snow 
Cn-1 
R. H. SnyDER 
At-l 
At-10 
At-12 
Fin-1 through Fin-3 
W. S. SNYDER 
Sny-1 
Sny-2 
RE1pAR F, SOGNNAES 
Sog- 1 
Vi-1 
M. H. So.ey 
Ha-25 
Ha-45 
Ha-67 
Ha-68 
Ha-73 
ToRALD SOLLMANN 
Sl-1 through SI-3 
K. SoLMAN 
Al-1 
A. K. SoLoMon 
Gc-l 
Sd-1 
V. A. SoNDAK 
Son-1 
Yu. B. SosyurA 
Fay-1 
ELEANOR M. SOwDEN 
Sti-2 
Sti-4 
Patricia C. SPAIN 
Md-1 
Md-2 
Md-4 through Md-10 
Md-15 
Md-17 
Wr-5 
HeERTA SPANO 
Ln-16 
ARNOLD SPARKS 
Ao-1 
Ho-4 


F. G. SPEAR 
Spe-1 


Tuomas W. SpECKMAN 

Br-6 

Br-7 

Br-14 

Br-32 

Br-44 

Br-46 

Mn-3 

No-7 


HERTA SPENCER 
Ls-2 
Ls-4 
Ls-5 
Ls-6 
Ls-8 
Ls-9 
Ls-10 
Ls-11 
Ls-13 
Rs-2 


G. S. SPICER 
Bry-1 
Cl-3 
Cl-4 
Cl-6 
Cl-7 
Cl-8 
cl-9 

C. J. Sprecn 
Bh-1 
Bh-2 
Sco-4 

G. F. SpreELHAGEN 
Fow-1 

F. W. Spiers 
Bri-1 
Spi-1 through Spi-5 
Va-6 

Ernst SPODE 
Spo-l 
Spo-2 

E. S. SPOERL 
At-5 

C. M. Spray 
Wd-7 

J. W. T. Sprinkxs 
Jy-4 

Davis B. SPRINSON 
Sp-1 


J. A. Sprout 
Bh-2 
Reavis C. SPROULL 
Spr-1 
M. STANLEY 
Ti-l 
J. NEweLt STANNARD 
Bh-2 
Bh-5 
Del-2 
Hu-2 
Hu-3 
Sa-1 through Sa-18 
HELEN STANTIAL 
Kg-1 
Emit STARKENSTEIN 
Heu-1 
H. Straus 
Sta-1 


L. T. STEADMAN 
Bh-6 
Brd-1 
Brd-2 
Hu-7 
Hu-15 
Lb-7 
Lb-10 
Sco-2 
Sco-4 
Puywuts S. STEARNER 
Br-46 
RICHARD STEARNS 
Ma-1 
Md-2 


L. M. STEDDON 
Jy-5 

Dorotuy E. STEDMAN 
Ray-3 


J. Murray STEELE 
Stl-1 


RoBERT STEELE 
Ss-1 through Ss-3 


H. STEENBOCK 
Pt-2 
A. F. STEHNEY 
Br-7 
Br-14 
Br-15 
Ros-1 through Ros-4 
Ste-1 through Ste-4 


353 


354 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Rosert L. STEINER 
Ti-l 
Ti-2 
Ti-4 
Ti-5 
Ti-6 

W. STEINFIELD 
Fea-1 

O. J. STEINGRABER 
Mn-10 
Ros-4 


R. C. STEINKAMP 
Hn-2 

L. STEPHENS-NEWSHAM 
Dog-1 

B. R. STEPHENSON 
Or-1 

Kurt G. STERN 
Ls-2 through Ls-4 


James H. STERNER 


Str-1 
Ho-18 

DeWitt STETTEN, JR. 
Bo-1 


ALEXANDER R. STEVENS, JR. 


Stv-2 

CATHERINE STEVENS 
Dn-1 

R. H. STEVENs 
Stv-l 

W. STEVENS 
Stn-3 
Stn-4 
Stn-5 

G. T. STEVENSON 
At-8 

FRANK S. STEWART 
Ty-1 

E. E. ST1cKLEYy 
Fea-2 

S. R. Srircu 
Sti-1 
Sti-2 
Sti-3 
Sti-4 

ALFRED STOCK 
Stk-1 
Stk-2 

E. F. SroHLMAN 
Sm-?2 


H. E. STOKINGER 
Bh-6 
Ho-2 
Ho-3 
Ho-4 
Sco-2 
Sco-4 
STANLEY STOLZ 
McC-1 


BERNARD STONE 
Bir-1 
Rosert S. STONE 
Ha-69 
H. B. STONER 
Wy-! 
Joun P. STorAssii 
Fr-1 
Fr-4 
Fr-5 
Fr-7 
Joun B. Srorer 
Ln-9 
Ln-22 
Sto-1 
Sto-2 
Rosert V. Story 
Ck-4 
Ck-7 
Kh-4 
Kh-7 
Betsy J. STOVER 
Ac-4 
Ac-5 
Stn-2 
Stn-3 
Stn-4 
Stn-5 
Stn-6 
Stn-7 
Stn-8 
Stn-9 
Stn-10 
Vd-l 
Vd-3 
Vd-4 
Vd-6 
C. N. Srover, JR. 
Stn-1 
Stn-8 
Stn-9 
ROBERT STRAUBE 
Br-5 
Dc-1 


V. I. STREL’TSOVA 
Mos-1 
Mos-2 
Mos-4 
Sts-1 

F. M. Stronc 
Ne-1 
Pt-1 

James S. STRONG 
Sun-1 

VERDA STRONG 
Ln-3 

Acnes N. Stroup 
Br-2 
Br-9 
Br-17 
Br-18 
Br-25 


CATHERINE A. STROUD 


Bh-6 
Sco-2 

LEE STRUGLIA 
Kul-1 
Kul-2 

E. G. STRUXNEsS 
Ber-2 
Ber-3 
Sx-1 

Masaru SUENAGE 
Kik-3 

IsAMU SUGAWA 
Kik-1 
Kik-2 

M. F. SuLtivan 
Do-3 
Hy-4 
Kt-10 
Kt-12 
Su-l through Su-3 
Th-26 

W. H. SuLLIVAN 
Sul-1 

W. JAMEs SULLIVAN 
Gre-1 

Mary SULTZER 
Hu-6 


F. WILLIAM SUNDERMAN 
Sun-1 through Sun-4 


A. SuTTON 
Har-5 
Har-6 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


ARTHUR SVEDBERG 
Tr-6 

E. W. SwANson 
Co-15 

W. H. Sweet 
Sx-1 

Joy SwERNOV 
Ls-6 
Ls-10 

R. W. Swick 
Bd-3 
Br-39 

M. N. Swirt 
Pa-1 
Pa-3 
Pc-1 
Swi-l 
Swi-2 

G. E. SYLVESTER 
Bh-6 

Dotores W. SyMon 
Br-45 

D. L. TABERN 
Tb-1 
Tb-2 


Irvine R. TABERSHAW 


Tab-1 
Fumro TAKENAKA 
Tak-1 
S. T. TAKETA 
Swi-l 
Swi-2 
L. H. TALLEY 
Cm-2 
Roy V. TALMAGE 
Co-37 
Kri-1 
N. A. TALVITIE 
TI-l 
ALBERT TANNENBAUM 
Tn-1 through Tn-3 
GeorceE V. TAPLIN 
Tap-1 
HAROLD TARVER 
Ta-1 through Ta-4 
F. W. TAuBER 
Tu-l 
ALVIN TAUROG 
Ci-2 
F. G. TAuscHE 
Ol-1 


F. H. L. Taytor 
Grn-1 
Yu-1 
G. N. Taytor 
Stn-3 
Stn-5 
Stn-9 
J. D. Taytor 
Tb-1 
Tb-2 
Janice F, TAytor 
Go-1l 
Go-2 
N. B. TAyYLor 
Ba-1 
Rutu F. Taytor 
Co-22 
SELWYN TAYLOR 
Ty-1 
Ty-2 
D. H. Taysum 
Mys-2 
Stn-3 
Stn-5 
Stn-8 
Stn-9 
Vd-2 
Vd-6 
Racpu E. TEDESCHI 
Sun-4 
Betry J. TELLEKSON 
Br-53 
Fk-11 
L. A. TEMPLE 
Hy-4 
Hy-5 
Hy-8 
Kt-10 
Kt-11 
Kt-12 
Ph-5 
Ph-6 
Wid-1 
H. J. TEMPLETON 
Tp-l 
J. TEREs! 
Ej-5 
Fin-l 
Lz-1 
. L. TERRY 
Ba-6 
Bs-6 
Hy-5 
Kt-12 


L. D. Trsr 
Kt-11 


FREDERICK THAMANN 
Kh-1 
Kh-2 
Kh-5 


Jorn Hess THAYSEN 
Sch-1 


GRETCHEN THILO 
Ha-28 
Ha-84 
Ha-85 
Ha-89 
Ha-90 


CHARLEs I. THOMAS 
Tho-1 

Horace E. THomas 
To-1 


IsABELL THOMAS 
Ho-13 


Rosert G. THomas 
Bh-2 
Sa-7 
Sa-8 
Sa-12 
Sa-14 
Sa-15 
To-3 
To-4 
To-5 
R. O. THomas 
To-2 
Roy C. THompson 
Bal-2 
Bs-4 
DI-2 
Hy-8 
Kt-2 
Kt-3 
Kt-6 
Kt-7 
Kt-9 
Kt-10 
Kt-11 
Kt-12 
Ph-3 
Ph-5 
Ph-6 
Rs-2 
Th-1 through Th-28 


355 


356 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 


Duncan M. THOMSON 
Ha-38 
Ha-41 
Ray-2 
Td-1 

Joun F. THomson 
Br-45 
Br-46 

Rosert THOMSON 
Tp-l 

Doreen M. THORNTON 
Ct-l 

S. A. THREEFOOT 
Tr-1 through Tr-8 

C. J. THRELFALL 
Wy-l 

D. L. THurBER 
Kp-5 

Nits ‘'THYRESSON 
Te-1 

D. M. Trssetts 
Au-4 

N. Tietz 
Tie-1 

H. A. Trmorferr-REssowsky 
Trl 

IsABEL H. Tieton 
Ti-1 through Ti-7 

F. F. TispALL 
Ji-l 
Tis-1 

Corne.ius A. Tosras 
Bt-1 
Ha-19 
Ha-21 
Ha-80 
La-6 

B. M. To.Bert 
Bni-1 through Bni-4 
Tol-1 

D. H. Tomuin 
Hol-1 
Tom-1 
Tom-2 

Paut C. Tompkins 
Fin-1 

S. L. Tompsetr 
Ht-4 
Ts-1 through Ts-3 


GeELSON Toro 
Ack-2 


HELEN C. TRETHEWAY 


Har-2 
Har-4 

RENE TRUHAUT 
Tru-1 

T. T. Trujmto 
An-4 
An-5 
For-1 
Ln-3 

Susumu TsuRvuFvujI 
It-1 

E. V. Turts 
Gr-4 

Joun L. TuLtis 
Fu-1 

R. L. F. Tupper 
Ban-1 
Tup-! 


Karu K. TurREKIAN 


Kp-1 


Frances M. TurRNER 


Tur-! 


R. C. Turner 
Mae-! 
Mae-2 


MARGARET TuTT 


Tm-1 through Tm-4 
Tm-6 through Tm-11 


L. W. TuTttLe 
Bh-2 
La-5 
So-5 

A. R. Twarpock 
Co-42 


Wicpur R. ‘TWEEDY 


Lh-1 
Lh-2 

J. A. TWENTE 
Stn-8 
Stn-9 

C. TYLer 
Moo-! 
Moo-2 

S. A. TYLER 
Br-25 
Br-29 
Br-47 
No-9 

MAaA.tcotm Tyor 
Tyo-1 


H. Ucko 
Uk-1 


SvEN ULLBERG 
Co-29 

RIcHARD B. UNANGsT 
Scw-1 

F. P. UNDERHILL 
Ud-1 

EuizABETH E, UNDERWOOD 
Ho-6 


E. J. UNnpERwoop 
Un-1 


Unirep STATES DEPARTMENT OF 


AGRICULTURE 
Ag-1 
Ag-2 
UNIVERSITY OF TENNESSEE 
Ut-l 
Ut-2 
Ut-3 
A. C. Upton 
Up-1 
P. F. URoNE 
Uo-1 
Y. Uzumusa 
Ok-1 
WiLuiaM N. VALENTINE 
Fi-7 
Bert L. VALLEE 
Ve-1 
Ve-2 
Ve-3 
Ve-4 
J. T. VAn BRuUGGEN 
Vu-l 
C. D. VAN CLEAVE 
Vc-1 through Vc-5 
JOHN VAN DE ERVE 
Kin-2 
Kin-3 
M. A. Van DILLA 
Ac-4 
Mys-3 
Stn-3 
Stn-4 
Stn-5 
Vd-1 through Vd-6 
Ve-3 
Betry VAN DoLaAH 
Br-45 


BIBLIOGRAPHY FOR BIOLOGICAL, MATHEMATICAL AND PHYSICAL DATA 357 


E. E. vAN KoETSvELD 
Koe-1 
LEsTER VAN MIDDLESWORTH 
Ha-57 
Ha-64 
Mi-1 through Mi-6 
A. H. VAN RAVESTEYN 
Vn-1 
JANET VAUGHAN 


Va-1 through Va-8 
Tm-1! through Tm-3 
Tm-5 through Tm-11 

P. VENKATARAMAIAH 
Mak-1l 

P. VENKATESWARLU 
Vk-1 

I. N. VERKHOVSKAYA 
Ver-1 

F. VERZAR 
Fy-1 

MARION VIER 
Ln-3 


Dorotuy VINING 
Br-36 
Br-43 

A. P. VINOGRADOV 
Vg-l 

CHARLES H. VIoL 
Sb-1 

W. J. Visek 
Co-15 
Co-19 
Co-33 
Vi-l 

Maurice B. VisscHER 
Vs-1 

CARL VOEGTLIN 
Vo-l 

G. Vocr 
Doc-1 
Kt-12 

A. O. VorInaR 
Cv-1 
Vr-l 

J. F. VoLKeR 
Vi-1 


A. VOLTA 
Vt-l 

VON OETTINGEN 
Ot-1l 

S. V. Vooruis 
Ho-5 
Ho-15 

MMe. VoRONCA-SPIRT 
Beg-4 
Beg-5 

L. W. WACHTEL 
Ej-3 

T. K. WADHWANI 
Wh-l 

R. W. WAGER 
Hy-8 
Kt-10 
Kt-11 

W. D. WAGNER 
TI-1 

H. WaAINE 
Bt-1 

JEAN WAITE 
Fr-2 

E. G. WAKEFIELD 
Lit-1 

GyoicH!t WAKISAKA 
Kik-1 through Kik-4 
Io-1 

A. R. P. WALKER 
Wk-1 

GEOFFREY WALKER 
Mart-1 

JosepH WALKER 
Bg-1 

W. G. WALKER 
Ww-2 

D. E. WALLACE 
Ros-2 
Ros-4 

E. J. WALLACE 
Du-9 

E. W. WALLACE 
Mo-1 

G. B. WALLACE 
We-l 
We-2 

Harotp D. WALLACE 
WI-1 

HERSCHEL WALLACE, JR. 
Se-6 


PatrRIcIA WALLACE 
(see Patricia W. Dursin) 
Ha-38 
Ha-47 
Ha-84 
Ha-89 
Ha-90 
Ha-95 
Wa-l 
Wa-2 

WituiaM M. WALLACE 
Bet-1 


S. WALLACH 
Stn-4 

R. WALMSEY 
Ht-4 

N. H. WALTERS 
Du-15 


A. WALTON 
Kp-6 

H. WALTON, JR. 
Br-7 
Br-50 

J. M. WAmPLER 
Kp-5 

Rosert L. WANNER 
Bro-2 
Wan-! 

A. H. Warp 
Eg-1 through Eg-3 
War-1 
War-2 
War-3 

GILLIAN WARD 
Rj-l 
Rj-2 

A. G. WARE 
Bg-3 
Bg-5 

D. E. WARNER 
Bs-3 
Bs-7 
Bs-9 
Kt-3 
Ph-5 
Ph-6 

GeorGE F. WARNER 
Dob-1 

SHIELDS WARREN 
Wr-1 
Wr-2 
Wr-3 
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Bry-1 Ha-80 Hy-4 
Cl-9 Nn-l Hy-5 
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A. G. Younc 
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Marityn H. WILLIAMS 
Ha-32 Rosert A. WoopBuRY Guy E. Youncssurc 
Ha-34 Ky-4 Yb-1 


Ha-35 na 2 hte oaaeaes K. S. ZAMYCHKINA 
Ha-36 Br-5 Za-1 
Ha-48 Lb-1 
Ha-49 Rs-2 
Ha-63 Kent T. WoopwarbD 
Ha-75 An-5 Kz-1 
Ha-76 Ln-13 S. H. ZBarRsky 
agi Pau. F. Woo.ricH Ar-4 

a- Hod-1 ‘ 
Ha-104 Hod-2 G. A. ZERBE 
Ky-8 Ros-1 


GtoriA ZANDER 
Aw-1 through Aw-3 


A. WorRMALL 


T. L. WiLtLMon Ban-1 Morris ZIFF 
Beh-2 Tup-! Dr-2 
Beh-3 J. T. WorTHAN R. E. Zipr 


G. M. Witson Od-3 through Od-5 At-5 
Kil-] SAMSON WRIGHT At-8 
H. B. Witson We-1 t. Zepare 
Bb-6 S. J. Wyarp Mu-2 
H. J. Witson Wya-l a ee 
Ho-5 RyvicH YAMADA Zi-1 through Zi-3 
D. Winc hincds R. E. ZirKLE 
Bh-6 ‘TSUNEHISA YAMAMSU Ja-7 
W. J. Winco Kik-1 Zr-1 


_ Kik-2 
Dd-10 N. ZIZMER 


THEODORE WINNICK O. D. YARBROUGH Bu-l 


Gr-16 Beh-1 
Gr-17 D. M. Yates SAMUEL GEORG ZONDEK 


M. M. Wintrose Hol-1 Bru-1 
Wi-1 through Wi-4 Hol-2 Exrnor M. Zorn 
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Wit-! Ak-1 Lh-2 
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Dog-1 Kik-3 Ef-1 
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INDEXED BY ELEMENTS 


Actinium Aluminum (contd.) Arsenic (contd.) 
At-5 Ti-1 through Ti-7 Sma-| 
At-7 Tie-1 Un-1 
At-13 Ud-1 Wr-4 
At-14 Un-1l Astatine 
At-15 Americium Ha-2 
Dk-1 Br-29 Ha-25 
Dur-3 Dk-1 Ha-28 through Ha-35 
Ha-] Dur-3 Ha-38 
Ha-16 Ha-l Ha-42 through Ha-44 
Ha-17 Ha-10 Ha-46 
Ha-19 Ha-12 Ha-49 
Ha-?21 Ha-13 Ha-50 
Ha-32 Ha-26 Ha-60 
Ha-63 Ha-38 Ha-63 
Ln-9 Ha-66 Ha-66 
Se-2 La-2 Ha-78 

Aluminum Ln-3 Ha-83 
Alb-1 Rs-2 Ha-86 
Bg-3 Se-2 Ha-88 
Be-5 Antimony Ha-98 
Bg-6 Bf-1 Ha-104 
Brn-! Boy-1 She-3 
Ck-4 By-1 Tb-1 
Ck-6 Cw-l through Cw-3 Barium 
Ck-7 Fa-2 At-10 
Ed-4 Ha-19 At-12 
Ew-2 Hc-1 Bau-3 
Gol-1 Hc-2 Bl-1 
Kce-l Kh-9 Ce-1 
Kh-4 Led-| Ce-2 
Kh-7 Arsenic Cn-4 
Kh-8 Br-5 Co-42 
Kh-9 Br-10 Cra-1 
Kor-] De-1 Dk-1 
Le-1 Ej-1 Do-! 
My-1 through My-4 Ha-11 Fin-2 
Mz-1 through Mz-3 Ha-17 Fin-3 
Rc-1 Ha-47 Fra-1 
Rt-l Ht-1 Ha-| 
Rw-! Ht-2 Ha-4 
San-| Kh-8 Ha-9 
Scew-] Kh-9 Ha-10 
Sha-1 Led-1 Ha-16 
Sti-l Man-! Ha-26 
Sti-3 Mo-1! Ha-51 
Sun-3 Mx-3 Ha-81 
Sz-1 SI-1 Har-1 
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Barium (conid.) Bismuth (conid.) Cadmium (conid.) 
Har-4 Kh-9 Ha-101 
Hd-1 Kol-1 Ht-3 
Hr-2 Ot-l Kc-1 
Kh-8 Pag-| Kh-9 
Kh-9 Spr-1 Pat-l 
Pao-1 Ti-1 through Ti-7 Pd-1 
Rg-1 Tp-1l Pd-2 
Rm-! Boron Pt-1 
San-1 Br-15 Rt-1 
Sti-1 Dk-1 Sha-1 
Sti-2 Fs-2 Sti-1 
Su-3 Fs-5 Sti-3 
Su-4 Gol-1 Sw-l 
Sun-3 Kh-8 Ti-1 through Ti-7 
Sz-1 Kh-9 Tie-1 
Tap-| Kn-1 Calcium 
Ti-1 through Ti-7 Md-3 Ac-2 
Un-1 Md-6 Ac-3 
Vr-1 Sha-1 Ac-5 

Beryllium Sz-l Ac-6 
Ao-| Ti-1 through Ti-7 Ack-2 
Bh-4 Un-1 Ak-1 
Bh-6 Bromine Alb-1 
Br-13 Alb-1 Amp-| 
Br-15 Bod-1 Ar-2 
Br-25 Cow-1 Ar-3 
Br-36 Cw-! Ar-6 
Br-43 Dx-1 Ar-7 
Ck-3 Ew-2 Au-3 
Dk-1 Ha-70 Au-+ 
Dw-2 Hab-1 Aw-l 
Fs-2 Kh-8 Aw-2 
Ha-16 Kh-9 Bau-| 
Ha-21 Led-1 Bau-3 
Ha-23 Mor-1 Bau-5 
Ha-65 Pm-| Bau-6 
Ho-11 Sj-1 Bau-8 
Hs-1 Sun-3 Bau-12 
Ht-3 Tb-1 Bau-13 
Jm-1 Uk-1 Bau-14 
Nu-7 Un-l Be-1 
Se-5 We-l Bea-1 
Tie-1 We-2 Bg-3 
Vec-l Cadmium Be-5 
Ve-3 Ck-2 Bg-6 
Vc-4 Dec-1 Bh-2 

Bismuth Ew-2 Bow-2 
Ck-1 Fb-1 Br-1 
Gra-l Fb-2 Br-7 
Ha-50 Fo-1 Br-10 
Ha-85 Ft-1 Br-45 
Ha-88 Gu-4 Br-46 
He-2 Ha-19 Br-50 
Kc-1 Ha-21 Br-54 
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Calcium (conid.) 
Bri-1 
Bro-1 
Bro-2 
Bro-3 
Bro-4 
Cat-1 
Cd-1 
Co-7 through Co-11 
Co-13 through Co-18 
Co-24 
Co-25 
Co-27 
Co-28 
Co-29 
Co-31 
Co-32 
Co-33 
Co-35 
Co-36 
Co-37 
Co-38 
Co-39 
Co-40 
Co-41 
Cs-1 
Dre-1 
Dur-3 
Dy-1 
Ea-10 
En-3 
Fh-1 
Vk-4 
Fk-6 
Fs-3 
Fy-1 
Gol-1 
Gr-2 
Gr-8 
Gr-12 
Gr-13 
Gr-15 
Gr-18 
Ha-16 
Ha-34 
Ha-38 
Ha-66 
Ha-83 
Ha-87 
Har-4 
Hay-1 
He-1 
Hen-1 
Hiy-6 
Ho-6 
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Calcium (conid.) 
How-l 
Hr-1 
Hr-2 
Hy-5 
It-1 
Kas-1 
Kb-2 
Kce-l 
Kik-3 
Kna-1 
Kor-1l 
Kp-3 
Kt-10 
Kt-11 
Kt-12 
Kz-1 
La-2 
Lac-1 
Lew-! 
Lh-1 
Lh-2 
Lon-| 
Ls-1 
Ls-5 
Ls-6 
Ls-7 
Ls-8 
Ls-10 
Ls-12 
Ls-13 
Ls-14 
Lui-| 
Mcm-! 
Ma-11 
Md-12 
Md-13 
Md-14 
Md-16 
Mid-1 
Mn-5 
Moo-1 
Moo-2 
Mye-1 
No-1 
No-2 
No-4 
No-6 
No-9 
Nu-9 
Pe-l 
Pe-2 
Pon-| 
Pon-2 


Ps-3 


Calcium (contd.) 
Rc-1 
Rm-1 
Ros-1 
Ros-4 
Rs-2 
San-l 
Se-2 
Sho-1 
Sta-1 
Sun-3 
Sw-2 
Sz-1 
Th-24 
Th-28 
Ti-2 through Ti-7 
To-2 
Tom-! 
Tom-2 
Up-l 
Ut-l 
Ut-2 
Ut-3 
Ve-5 
Vi-l 
Wan-l 
Wad-l 
Wd-2 
Wd-4 
Wd-7 
Wd-8 
Wd-9 
Wil-1 
WKk-1 
WI-1 
Wr-5 
Ya-1 

Carbon 
Al-1 
Ar-4 
Ar-5 
Bau-9 
Bd-1 
Bd-2 
Bd-3 
Bd-4 
Bd-5 
Bh-4 
BI-1 
Bl-2 
BI-3 
Bl-4 
Bni-1 
Bni-2 
Bni-3 
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Carbon (conid.) Cerium (contd.) Cesium (contd.) 
Bni-4 Ab-4 Cr-1 
Bo-1 At-2 Ew-2 
Bow-2 Bl-1 Ha-l 
Br-1 Br-12 Ha-4 
Br-2 Br-20 Ha-9 
Br-5 Br-21 Ha-10 
Br-17 Br-54 Ha-26 
Br-18 Cr-| Hiy-5 
Br-23 Dk-1 Hy-4+ 
Br-24 Dur-3 Hy-5 
Br-26 Fra-| Kha-1 
Br-30 Ha-| Kt-2 
Br-34 Ha-4 Kt-10 
Br-35 Ha-5 Kt-12 
Br-36 Ha-7 Ky-8 
Br-37 Ha-9 Led-1 
Br-39 Ha-10 Ln-13 
Co-10 Ha-l4 Ln-17 
Dk-1 Ha-19 Ln-18 
Dru-| Ha-22 Ln-19 
Ev-1 Ha-26 Ln-2] 
Fh-1 Ha-31 Lov-2 
Fu-1 Ha-36 Mn-7 
Gc-1 Ha-40 Mn-8 
Gr-16 Ha-51 Mn-10 
Gr-17 Ha-76 Mos-3 
Gv-1 Ha-77 Pah-1 
He-! Ha-79 Pah-2 
Kb-1 Ha-83 Pah-4 
La-| Ha-86 Pah-5 
La-2 Hd-1 Rd-3 
Leb-2 Jy-6 Rh-| 
Na-1 Kha-1 Ros-1 
Na-2 Ky-7 Ros-2 
Na-3 Ky-8 Ros-3 
Ro-! Li-3 Ros-4 
Se-1 Ln-12 Spi-4 
Se-2 Ln-19 Stn-8 
Sf-3 Lx-1 Th-18 
Sk-] Mos-1 Th-21 
Sk-2 Mos-2 Tr-2 
Sk-3 Mos-4 Ut-1 through Ut-3 
Sk-4 Ros-1 Chlorine 
Sk-5 Se-2 Alb-1 
Spi-2 Cesium Bn-12 
Sr-1 An-8 Bod-1 
Ss-1 Bal-2 Bow-2 
Ss-2 Boo-| Clo-1 
Ss-3 Br-29 Co-38 
Tb-1 Br-54 Dr-2 
Tol-1 Cl-4 Ev-1 
Vu-l Co-7 Fs-1 

Cerium Co-12 Ha-70 
Ab-3 Co-42 Hab-1 
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Chlorine (contd.) 
Hw-l 
Sh-1 
Sun-3 
Tr-4 
Tr-5 
Tr-8 
Ut-l 
Vu-l 
We-! 
We-2 

Chromium 
Co-13 
Co-17 
Co-18 
Co-19 
Con-1 
Ga-] 
Ha-83 
Kc-1 
Kh-8 
Kh-9 
Kor-1 
Kri-1 
MI-1 
Rt-1 
Sha-1 
Sti-1 
Sti-3 
Sz-1 
Ti-1 through Ti-7 
Tie-1 
Uo-1 

Cobalt 
Be-1 
Beg-1 
Beg-2 
Beg-3 
Bra-1 
Co-1 
Co-2 
Co-5 
Co-10 
Co-22 
Co-23 
Co-38 
Ct-1 
Ct-2 
DiS-1 
Ev-1 
Ew-2 
Fs-2 
Gr-1 
Gr-11 
He-1 
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Cobalt (contd.) 
Heu-1 
Hey-1! 
Hp-1 
Jb-1 
Kas-1 
Kc-1 
Kh-8 
Kh-9 
Kn-2 
Kor-1 
La-3 
Led-1 
Lg-1 
Ma-2 
Mp-2 
Rt-l 
San-! 
Sha-1 
Su-1 
Sti-3 
Ti-1 through Ti-7 
Un-l 
Vt-l 

Copper 
Alb-1 
Ash-1 
Be-1 
Bee-1 
Bg-1 
Bg-2 
Bg-3 
Bg-5 
Bg-6 
Brd-1 
Brg-1 
Bru-1 
Cg-2 
Ck-4 
Ck-5 
Ck 7 
Co-3 
Co-6 
Cv 10 
Co-20 
Co-38 
Ct-2 
Dew-1 
Dic-2 
Ej-4 
Ev-l 
Ew-2 
Gol-1 
He-1 
Hol-3 


Copper (contd.) 
Hw-l 
Jb-1 
Kas-1 
Kc-1 
Kc-2 
Kh-4 © 
Kh-7 
Kh-8 
Kh-9 
KI-1 
Koe-1 
Kor-] 
Led-1 
McE-1 
McE-3 
NI-1 
Pt-2 
Rc-1 
Rm-| 
Rm-2 
Rt-1 
Rw-! 
Sac-1 
Sah-1 
San-1 
Sc-l 
Sha-1 
Stu-l 
Sti-3 
Sun-3 
Sz-l 
Ti-1 through Ti-7 
Ts-3 
Tu-l 
Un-1 
Vn-1 
Wd-7 
Wi-l 
Wi-2 
Wi-3 
Wi-4 

Curium 
Dk-1 
Dur-3 
Ha-1 
Ha-12 
Ha-19 
Ha-26 
Ha-94 
Se-2 

Dysprosium 
Ha-33 
Ha-36 
Lx-1 
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Fluorine (contd.) Gold (contd.) 
Muh-1 Gra-| 
Muh-2 Ha-84 
Pah-3 Kn-1 
Rc-| Rt-1 
Sun-3 Tb-1 
Tis-1 Ti-1 through Ti-7 
Un-1 Hafnium 
Vk-1l Ki-1l 
Vi-1 Helium 
Wa-l Beh-1 
Wa-2 Beh-2 
Wh-! Beh-3 

Francium Holmium 
Py-1 Ha-33 

Gadolinium Ha-36 
Ha-34 Ha-86 
Ha-36 Ky-7 
Ky-7 Spo-2 
Lx-1 Hydrogen (deuterium) 

Gallium Bo-1 
Bm-| Br-45 
Bm-2 Br-46 
Du-1| through Du-7 Em-1 
Du-10 Em-2 
Du-11 Kt-3 
Du-12 Ph-6 
Du-13 Sd-1 
Du-15 Hydrogen (tritium) 
Du-19 An-1 
Ha-20 An-2 
Kc-1 An-4 
Lan-1 An-7 
Pk-1 Bni-5 
Pk-2 Br-9 
Ti-1 through Ti-7 Br-17 

Germanium Br-18 
Du-8 Cm-| 
Du-9 DI-1 
Ha-21 DI-2 
Rt-1 Hv-1 

Gold Kt-3 
Blo-1 Law-! 
Blo-2 Ln-8 
Blo-3 Ln-11 
Bt-1 Ln-19 
Dew-1 Ln-20 
Ef-1 Ph-2 
EI-1 Ph-4 
Ew-2 Ph-5 
Fr-3 Ph-6 
Fr-6 Pi-1 through Pi-7 
Fr-8 Se-2 
Fr-9 Sog-1 
Fu-1 Th-2 through Th-8 
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Hydrogen (tritium) (conid.) Iodine (conid.) Iodine (conid.) 
Th-10 through Th-14 Ha-4 Lz-1 
Th-19 Ha-16 Mb-1 
Th-22 Ha-17 Me-1 
Vu-l Ha-18 Mi-2 

Indium Ha-25 Mi-3 
Ha-19 Ha-26 Mi-4 
Ha-101 Ha-28 Mi-5 
McC-2 Ha-29 Mi-6 
McC-3 Ha-31 Mn-5 
Rt-1 Ha-32 Mz-1 
Sco-5 Ha-33 Nn-1 
Sco-6 Ha-35 Od-1 
To-4 Ha-45 Od-? 
Tur-] Ha-49 Od-3 

Iodine Ha-51 Od-4 
Ab-7 Ha-59 Od-5 
Ack-1 Ha-66 Ph-2 
Ad-] Ha-67 Ph-5 
Alb-1! Ha-68 Ph-6 
Bh-2 Ha-70 Pm-2 
Bj-1 Ha-73 Pn-! 
Brw-| Ha-74 Po-1 
Bs- | Ha-78 Po-2 
Bs-2 Ha-79 Po-3 
Bs-3 Ha-82 Po-4 
Bs-5 Ha-98 Pu-1 
Bs-7 Ha-102 Rab-1 
Bs-8 Hai-1 Ru-! 
Cha-1 Har-3 Ru-2 
Ci-1 Hd-1 Ru-3 
Ci-2 Hd-2 See-1 
Cl-1 Ho-1 Sin-] 
Cn-4 Ho-5 Ska-1 
Co-10 Ho-10 Ska-2 
Co-13 Hy-4 Sn-3 
Co-17 Hy-5 Sog-1 
Co-18 Jo-1 Sun-3 
Co-38 Jo-2 Tb-1 
Dn-|! Jt-1 Ty-] 
Dog-1 Kal-1 Un-1 
Don-] Kas-] Ut-l 
Dun-! Ke-] Ut-3 
Dur-1 Kh-8 Wce-2 
Dur-2 Kh-9 Iridium 
Ea-6 Kle-1 Ha-85 
Ea-8 Kli-1 Ha-89 
Fd-1 Ks-] Ha-101 
Fr-4 Kt-3 Iron 
Fr-5 Kt-10 Ae-1 
Fre-1 Kt-11 Alb-1 
Fu-1 Kt-12 Bad-1 
Gm-! La-1 Bee-1 
Gra-! La-2 Bel-1 


Ha-] Lor-1 Bg-1 
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Iron (contd.) Iron (contd.) Lead (contd.) 
Bg-2 Tu-1l Hor-1 
Bg-3 Un-1 Ht-4 
Bg-5 Wd-6 through Wd-13 Ke-1 
Bg-6 Wk-1 Kh-1 through Kh-9 
Boh-1 Krypton Kor-1 
Boh-2 La-6 Ly-2 
Bp-1 Lanthanum Md-8 
Bru-1 At-10 Md-9 
Cg-2 At-12 Min-1l 
Co-10 Bl-1 Min-2 
Co-38 Cn-2 Min-3 
Db-1 Cr-1 Min-4 
Db-2 Cr-2 MI-3 
Db-3 Do-2 Rc-1 
Db-4 Fi-15 Rm-2 
Db-5 Fin-3 San-| 
Flu-1 Ha-1 Sha-l 
Fow-1 Ha-4 Sl-1 
Fow-2 Ha-9 Sti-1 
Gol-1 Ha-10 Su-3 
Gr-| Ha-16 Sun-3 
Gr-5 Ha-26 Sz-1 
Gr-6 Ha-34 Ti-1 through Ti-7 
Gr-9 Ha-36 Tie-1 
Grn-1 Ha-51 Ts-1 
Gub-1 Ha-86 Ts-2 
Ha-29 Hd-1 Lithium 
Ha-66 Ky-7 Ew-2 
Heu-1 Ky-8 Kn-1 
Hn-1 through Hn-7 Ls-3 Md-3 
Hol-3 Ls-4 Md-6 
Ht-5 Ls-7 Ra-| 
In-] Ut-l Rc-1 
Je-1 Lead Rm-2 
Ji-1 Alb-1 San-l 
Kas-1 Au-l Sz-l 
Kc-1 Au-2 Ti-4 
Kh-8 Au-3 Ti-5 
Kh-9 Bag-| Ti-6 
Kor- | Bg-1 Lutetium 
La-] Bg-2 Ha-29 
La-2 Bg-3 Ha-36 
Lit-1 Bg-4 Ha-86 
Oc-1 Bg-5 Ky-2 
Rc-1 Bg-6 Ky-3 
Rm-] Brg-1 Ky-8 
Sac-1 Ck-4 Ky-9 
San-| Ck-7 Magnesium 
Stv-2 Ev-1 Alb-1 
Sun-3 Fa-3 Bee-1 
Sz-1 Fa-4 Bow-2 
Ti-1 through Ti-7 Gol-1 Bp-2 
Tie-1 Ha-89 Gol-1 
Ts-3 Ha-101 Gr-12 


Magnesium (conid.) 
Gr-15 

Hi-1 

Kc-1 

Kor-1 

Lew-1 

Mag-l 

Re-1 

Rm-| 

Rt-1 

San-1 

Sun-3 

Sz-1 

‘Li-1 through Ti-7 
Wad-1 

Wd-2 

Wd-4 

Wd-7 

Wk-1 


Manganese 


Alb-1 
Bee-1 
Bg-1 
Bg-2 
Bg-3 
Bg-5 
Bg-6 
Bn-1| through Bn-9 
Bn-11 
Bn-12 
Bn-13 
Bn-14 
Bp-1 
Br-28 
Brg-1 
Bru-l 
Ck-4 
Co-1 
Co-38 
Ct-2 
Fj-l 
Ej-3 
Ew-2 
Fa-6 
Gol-1 
Gr-| 
Gr-3 
Gr-8 
Ha-50 
Ha-83 
Ha-88 
Hb-1 
Heu-1 
Hil-1 
Kas-1 


Manganese (conid.) 


Kh-4 
Kh-7 
Kh-8 
Kh-9 
Kn-2 
Kor-1 
Led-1 
May-1 
May-2 
Mj-1 
Rc-l 
Ri-1 
Rm-2 
Rt-1 
Rw-! 
Ry-1 
San-1 
Sha-1 
Sti-1 
Sti-3 
Sun-3 
Sz-1 
Trl 
Ti-1 through Ti-7 
Tie-1 
Tu-l 
Un-1 
Ut-2 


Mercury 


Ai-l 
As-1 
Bg-1 
Bg-4 
Fb-3 
Fs-2 
Gre-1 
Ha-85 


Molybdenum 


Bee-1 
Bg-2 
Bg-3 
Bg-5 
Bg-6 
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Molybdenum (conéd.) 


Bn-2 
Bn-6 
Bn-7 
Bn-8 
Bn-9 
Bn-10 
Bn-13 
Co-3 
Co-4 
Co-10 
Co-20 
Co-38 
Dic-1 
Dv-1 
Ej-5 
Ev-1 
Ha-50 
Ha-88 
Ha-89 
Ha-101 
Kas-1 
Kc-1 
Kh-9 
McE-1 
McE-3 
Mx-3 
Ne-1 
San-1 
Sha-l 
Su-l 
Sti-3 
Sw-2 


Ti-1 through Ti-7 


Tie-1 
Un-1 
Ut-2 
Neodymium 
Ha-20 
Ha-36 
Ky-7 
Lx-l 
Neptunium 
Ha-1 
Ha-4 
Ha-8 
Ha-15 
Ha-26 
Ha-27 
Ha-50 
Ha-88 
Ja-5 
Nickel 
Beg-1 
Beg-2 
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Nickel (conid.) Nitrogen (contd.) Phosphorus (conid.) 
Brg-1 Wd-7 Fr-6 
Co-17 We-1 Fr-7 
Co-18 Osmium Fr-8 
Ew-2 Bur-1 Fr-9 
Fa-5 Ha-87 Frk-1 
Heu-1 Ha-101 Fs-3 
Kc-1 Ht-3 Fu-1 
Kh-9 Rt-1 Ga-1 
Kn-2 Oxygen Gd-1 
Kor-1 Alb-1 Gol-1 
Mp-1 Bni-1 Gr-7 
Ps-1 Bni-4 Gr-12 
Rt-1 Br-17 Gr-15 
San-1 Palladium Grd-1 
Sha-1 Ha-89 Ha-16 
Sti-l Ha-101 Ha-22 
Sti-3 Phosphorus Ha-41 
Sun-1 Ack-2 Ha-66 
Sun-2 Amp-1 Hd-1 
Sun-4 At-1 He-3 
Ti-1 through Ti-7 Bau-2 Hem-1 
Tie-1 Bau-5 Ho-15 
Un-1 Bau-6 Ho-18 
Ws-1 Bau-10 How-1 

Niobium Bau-11 Hy-4 
Bl-1 Bau-15 Hy-5 
Cr-1 Bea-1 Hy-9 
Cr-2 Bea-5 Io-1 
Do-1 Bl-1 Jo-3 
Do-2 Bon-| Jy-4 
Do-3 Bow-2 Kas-1 
Ha-1 Br-1 Kb-1 
Ha-4 Br-18 Kb-2 
Ha-17 Br-33 Km-1 
Ha-20 Br-36 Kt-11 
Ha-22 Bw-2 Kt-12 
Ha-26 Bw-3 Kw-l 
Ha-51 Cd-1 Kw-2 
Ha-101 Co-10 Kw-3 
Ky-8 Co-13 La-l 
Su-2 Co-16 La-2 
Ur-l Co-17 La-4 

Nitrogen Co-38 La-5 
Alb-1 Co-39 La-7 
Beh-2 Dv-1 Lac-2 
Beh-3 EI-1 Leb-1 

En-3 Lf-1 
Fay-1 Lo-1 
Fh-1 Lo-2 
Fk-3 Mas-1 
Fk-4 Mb-1 
Fr-1 McE-1 
Fr-2 McE-2 
Fr-3 Mcm-1 
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Phosphorus (conid. Plutonium (conid.) Plutonium (conid.) 
Mn-5 Bal-1 Hy-7 
Mn-6 Bh-3 Ja-6 
Moo-1 Bl-1 Kt-1 through Kt-12 
Moo-2 BI-5 La-2 
Mye-2 Br-1 Li-1 
Ph-4 Br-4 Li-4 
Pl-1 Br-5 Ln-1 through Ln-8 
Ps-2 Br-8 Ln-10 
Ps-3 Br-12 Ln-12 
Rei-1 Br-15 Ln-16 
Rs-2 Br-17 Ln-19 
San-1 Br-20 Ln-23 
Sea-1 Br-21 Mi-1 
Sik-1 Br-27 Ni-1 
So-2 Br-33 Pa-1 
So-3 Br-40 Pa-3 
So-4 Br-41 Ph-1 
So-5 Br-42 Ph-2 
Sog-1 Br-43 Ph-5 
Son-1 Br-44 Ph-6 
Sun-3 Br-54 Reh-1 
Sz-1 Bs-4 Rs-2 
Tak-1 Buk-1 Sae-| 
Tap-1 Bz-1 Se-2 
Tb-1 Cat-1 Se-3 
The-1 Doc-1 Sny-1 
Ti-2 Doc-2 Stn-1 
Ti-3 Dur-3 Stn-3 
Ti-4 Fi-2 Stn-4 
Ti-5 Fi-5 Stn-5 
Ti-6 Fi-8 Stn-7 
Ti-7 Fin-2 Stn-8 
Ut-l Fk-4 Stn-9 
Ut-2 Fk-6 Stn-10 
Wd-7 Fk-7 Th-1 
Wad-8 Fk-10 Th-9 
Wd-9 For-1 Th-26 
Wk-1 Fra-1 Polonium 
Wr-! Fu-1 Agr-| 
Wr-2 Ha-1 At-3 through At-8 
Wr-3 Ha-5 At-15 
Wy-! Ha-19 Bek-1 
Wya-l Ha-26 Bek-2 
Yb-1 Ha-37 Bh-2 
Za-| Ha-38 Bh-3 

Platinium Ha-64 Bh-4 
Ha-85 Ha-66 Bh-5 
Ha-101 Ha-83 Bi-1 
Rt-1 Ha-85 Bl-1 

Plutonium Ha-92 Br-3 
Ab-1 Hd-1 Br-4 
Ab-2 Hiy-5 Br-16 
Ab-5 Hy-4 Br-18 


Bai-1 Hy-5 Br-46 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Polonium (contd.) Potassium (contd.) Potassium (contd.) 
Ca-1 Bow-2 Sun-3 
Ca-2 Br-29 Tb-1 
Ca-3 Cg-1 Ti-2 
Ca-4 Co-38 Ti-3 
Cat-1 Dan-1l Ti-4 
Cm-2 Dea-1 Ti-5 
Del-1 Dr-1 Ti-6 
Del-2 Ea-10 Ti-7 
Dw-2 Ega-1 Tr-7 
Fi-1 through Fi-9 Ey-1 Tr-8 
Fi-11 Fs-1 Tyo-1 
Fk-1 Fun-1 Ut-l 
Fk-2 Gr-4 Ut-3 
Fk-4 Gr-10 Ve-1 
Fk-7 Gro-| Vs-1 
Fra-| Gro-2 Wd-7 
Fu-1 Gro-3 Ww-l 
Hd-1 Gs-1 Ww-2 
Hu-2 Ha-70 Praseodymium 
Hu-3 Ha-88 BI-1 
Hu-4 Hi-1 Br-12 
Hu-5 Kil-] Ha-1 
Hu-6 Led-1 Ha-+ 
Hu-14 Ln-13 Ha-15 
Lc-1 Ln-17 Ha-16 
Lc-2 Ln-18 Ha-26 
Lc-4 Lov-1 Ha-36 
Le-5 Lov-2 Ky-7 
Le-6 Ly-1 Promethium 
Lc-7 Mart-1 Ha-|! 
Ln-10 Mn-5 Ha-26 
Ly-1 Mn-7 Ha-31 
Ms-1 Mn-8 Ha-32 
Nm-1 Nt-l Ha-34 
Pet-1 Oh-1 Ha-36 
Sa-1 through Sa-9 Pah-] Ha-38 
Sa-11 through Sa-17 Pah-2 Ha-58 
Se-2 Pah-4 Ha-66 
Shi-1 Rc-1 Protactinium 
Sm-1l Rd-2 Co-8 
To-5 Rd-3 Ha-1 
Wt-l Rh-1 Ha-8 
Yo-1 Rm-! Ha-17 

Potassium Ros-3 Ha-26 
Ai-2 Ros-4 Ha-27 
Alb-1 San-1 Ha-36 
An-4 Sch-1 Se-2 
An-5 Se-2 Radium 
An-6 Sie-] Ac-5 
An-8 Sog-! Ac-7 
Beg-7 Spi-2 Ac-8 
Beg-8 Spi-3 At-13 
Bet-1 Stn-8 Au-4+ 
Bil-1 Stn-9 Bh-2 
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Radium (conid.) Radium (conid.) Radium (contd.) 
Bh-3 Ge-1 Pal-2 
Bh-4 Ge-2 Ph-5 
Bjh-1 Gra-1 Ph-6 
Bjh-2 Ha-32 Re-2 
Bl-1 Ha-76 Reh-1 
BI-5 Ha-77 Rie-1 
Bot-1 Ha-103 Rj-2 
Br-1 Hd-1 Ros-1 
Br-4 He-1 Ros-2 
Br-6 Hk-1 through Hk-7 Ros-3 
Br-7 Hs-2 Ros-4 
Br-12 Hu-1 Rs-1 
Br-14 Hu-7 through Hu-12 Sb-1 
Br-15 Hu-14 Se-2 
Br-17 Hu-16 Se-7 
Br-18 Hu-17 Sg-1 
Br-20 Hv-1 Si-l 
Br-21 Hy-6 Sie-1] 
Br-27 Iv-1 Sim-1 
Br-29 Jja-4 Sny-1 
Br-32 Ja-6 Spe-1 
Br-35 Kp-6 Spi-2 
Br-39 Kr-1 Spi-3 
Br-40 Kt-3 Spi-5 
Br-42 La-1 St-l 
Br-43 Lb-1 through Lb-9 St-2 
Br-44 Lb-11 St-3 
Br-54 Lb-12 St-4 
Bri-1 Lb-13 Ste-2 
Bz-1 Ln-7 Ste-3 
Cat-1 Lr-1 Ste-4 
Co-13 Lr-2 Stn-1 
Da-l Ly-1 Stn-2 
Dur-3 Mae-1 Stn-3 
Ea-1 Mae-2 Stn-4 
Ea-2 Mah-l Stn-5 
Ea-4 Mi-! Stn-8 
Ea-5 Mn-3 Stn-9 
Ea-7 Mn-4 Stn-10 
Ea-9 Mn-11 Stv-1 
Ea-10 Mn-13 Sun-3 
Ed-1 Mr-1 through Mr-9 Sy-l 
Fi-2 Mut-! Tab-1 
Fi-5 Mut-2 To-1 
Fi-8 Mut-3 Ut-l 
Fi-10 Mut-4 Ut-3 
Fj-1 Mut-5 Va-2 
Fk-4 No-1 Va-5 
Fk-6 No-3 Va-6 
Fk-7 No-6 Vd-2 
Fk-8 No-7 Vd-3 
Fl-1 No-9 Vd-4 
F]-2 Nu-5 Vd-5 


Fu-l Pal-1 Vd-6 


Radon (contd.) 
Sie-1 
Ste-1 
Stn-3 
Stn-5 
Vd-2 
Vd-4 
Vd-5 
Vd-6 


Radon—thoron 


Ae-1 
Bw-l 
Cl-2 
Ea-9 
Ea-10 
Kr-2 
Ly-1 
Mys-1 
Mys-3 
Stn-3 


Rhenium 


Bu-1 
Ha-87 
Ha-89 
Ha-101 
She-1 
She-2 


Rhodium 


Ha-22 
Ha-85 
Ha-89 
Ha-101 


Rubidium 


Beg-6 
Beg-7 
Beg-8 
Dea-1 
Ew-2 
Gi-1 
Ha-21 
Kil-1 
Ln-13 
Ln-18 
Lov-1 
Lov-2 
Mart-1 
Pah-4 
Rh-! 
Rm-2 
Sti-1 
Sti-3 
Sz-1 
Ti-4 
Ti-5 
Ti-6 
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Rubidium (conid.) 


Tr-3 
Tr-7 
Tr-8 
Tyo-1 
Zi-1 
Zi-2 
Zi-3 
Ruthenium 
Ab-6 
Bn-10 
Bn-11 
Bn-13 
Bn-14 
Br-7 
Br-50 
Cat-1 
Fk-4 
Ha-l 
Ha-4 
Ha-9 
Ha-10 
Ha-26 
Ha-51 
Ha-89 
Ha-101 
Hd-1 
Hy-3 
Hy-4 
Hy-5 
Ja-5 
Kt-2 
Kt-3 
Kt-10 
Kt-11 
Kt-12 
Mos-2 
Mos-4 
Ph-4 
Sts-1 
Th-15 
Th-16 
Th-17 
Th-20 
Th-23 
Th-25 
Th-27 
Wid-1 
Samarium 
Ha-18 
Ha-22 
Ha-33 
Ha-36 
Ha-50 
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Scandium 
Ha-83 
Ha-84 
Ha-88 
Lx-1 

Selenium 
Du-14 
Du-16 
Ew-2 
Fz-1 
Ha-15 
Ha-22 
Hei-1 
Hol-1 
Kh-8 
Kh-9 
Led-1 
Mkp-1 
Mkp-2 
Mkp-3 
Mx-1 
Mx-2 
Mx-3 
Mx-4 
Mx-5 
Pa-2 
Rf-1 
Rf-2 
Rt-l 
Sm-2 
Sm-3 
Sm-4 
Str-1 
Un-l 

Silicon 
Alb-1 
Bow-2 
Fw-l 
Gol-1 
Gw-l 
Hol-1 
Hol-2 
Kg-1 
Keg-2 
Kg-3 
Keg-4 
Kg-5 
Kus-1 
McC-1 
McN-1 
Rc-1 
Rg-2 
San-1 
Tie-1 
Un-1 
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Silver 
Alb-1 
Bg-5 
Bg-6 
Ck-4 
Ck-7 
Ew-2 
Gol-1 
Ha-19 
Ha-81 
Kh-4 
Kh-7 
Kh-8 
Kh-9 
Kn-1 
Rm-2 
Rt-1 
San-1 
Sha-1 
So-1 
St-l 
Su-3 
Sun-3 
Sz-l 
Ti-1 through Ti-7 
Tie-1 

Sodium 
Alb-1 
Bau-4 
Bau-6 
Bau-7 
Bau-9 
Beg-7 
Beg-8 
Bet-1 
Bh-6 
Bil-1 
Bl-1 
Bos-1 
Bos-2 
Bos-4 
Bow-2 
Br-18 
Bw-2 
Cd-1 
Co-38 
Dob-1 
Dr-! 
Em-1! 
Em-2 
Fin-1 
Fs-1 
F's-4 
Gr-14 


Gro-| 


Sodium (conid.) 
Gro-2 
Gro-3 
Ha-28 
Ha-69 
Ha-70 
Ha-72 
Ha-88 
Hd-1 
Ho-13 
Ho-15 
Kel-1 
Kra-| 
Kra-2 
Ky-7 
La-2 
Led-1 
Ln-13 
Ln-18 
Lo-1 
Mn-5 
Oh-1! 
Op-1 
Ph-4 
Rc-1 
Rh-1 
Rm-1l 
San-1 
Sch-1 
Sn-5 
Sog-1 
Sun-3 
Tb-1 
Tis-1 
Tr-1 
Tr-8 
Ut-l 
Vu-l 
Wd-7 

Strontium 
Ab-4 
Ac-4 
Ac-8 
And-1 
At-11 
At-12 
Aw-l 
Aw-2 
Aw-3 
Bau-12 
Bau-16 
Bh-2 
Bl-1 
Br-1 
Br-5 
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Strontium (conid.) Strontium (conid.) Strontium (conid.) 
Br-6 Co-37 Ha-49 
Br-7 Co-39 Ha-50 
Br-12 Co-40 Ha-51 
Br-14 Co-41 Ha-58 
Br-15 Com-1 Ha-64 
Br-20 Com-2 Ha-66 
Br-21 Cr-2 Ha-75 
Br-22 Do-2 Ha-77 
Br-25 Dur-3 Ha-78 
Br-29 Ea-10 Ha-80 
Br-32 Ed-2 Ha-81 
Br-36 Eg-1 Har-| 
Br-45 Eg-2 Har-2 
Br-45 Eg-3 Har-4 
Br-46 Ei-1 Har-5 
Br-47 Ei-2 Har-6 
Br-49 Ei-3 Hd-1 
Br-50 Ei-4 Hiy-1 through Hiy-7 
Br-53 Ei-5 Hr-2 
Br-54 En-2 Hs-3 
Bri-1 En-4 Hy-5 
Bry-| En-5 Hy-6 
Buy-1 Fk-4 Ja-1 
Cas-] Fk-5 Jn-1 
Cat-] Fk-6 Jy-1 
Cat-2 Fk-9 Jy-3 
Cat-3 Fk-10 Kap-1 
Cd-1 Fk-11 Kas-| 
Cd-2 Fk-12 Kh-9 
Cd-3 Fr-1 Kha-| 
Che-1 Fr-2 Kik-3 
Cl-3 Fr-3 Kik-4 
Cl-4 Fr-6 Kp-1 
Cl-5 Fr-8 Kp-2 

Fra-| Kp-3 
Fs-5 Kp-4 
Fu-] Kp-5 
Go-| Kp-7 
Go-2 Krm-1 
Gol-] Kt-10 
Gr-13 Kt-11 
Gr-18 Kt-12 
Gra-| Ku-1 
Ha-] Kv-1 
Ha-4 Kz-1 
Ha-5 La-1 
Ha-15 La-2 
Ha-16 Lei-1 
Ha-20 Lew-1 
Ha-21 Lib-1 through Lib-7 
Ha-26 Ln-10 
Ha-34 Ln-12 
Ha-35 Ln-14 
Ha-38 Ln-15 
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Strontium (conid.) Strontium (conid.) Sulfur (contd.) 
Ln-17 Shi-1 Bos-4 
Ln-19 Sho-1 Bos-5 
Lou-1 Sny-1 Co-13 
Lp-2 Sti-1 Co-30 
Ls-5 Sti-2 Co-38 
Ls-7 Sti-3 Dd-1 through Dd-10 
Ls-8 St-4 Dek-1 
Ls-9 Stn-3 En-1 
Ls-11 Stn-4 En-3 
Ls-12 Stn-5 Ger-1 
Ls-13 Stn-6 Gg-1 
Ls-14 Stn-8 Gra-! 
Lt-1 Stn-9 Gt-l 
Lt-3 Su-1 Jy-3 
Mar-1 Su-2 Jy-5 
Mar-2 Sz-1 Kas-1 
Mav-l Th-24 Kre-| 
Ma-1 Th-28 Kul-1 
Md-2 Ti-1 through Ti-7 Kul-2 
Md-4 Tm-2 through Tm-8 La-| 
Md-5 Tm-10 La-2 
Md-7 through Md-16 Tm-11 Lev-1 
Mei-1 Un-1 Lj-l 
Mn-5 Ut-l Maa-| 
Mn-12 Ut-2 Mac-1 
Mos-2 Ut-3 Mac-2 
Mos-3 Va-! Mh-! 
Mos-4 Va-2 Mn-2 
Mw-2 Va-3 Mon-1 
Mys-2 Va-4 Nh-1 
No-1 Va-6 Ny-1 
No-6 Va-7 Nz-1 
No-9 Va-8 Nz-2 
Nw-! Ve-5 Ol-l 
Om-! Ve-3 Pah-3 
Om-2 War-| Se-2 
Om-3 War-2 Sh-1 
Pc-1 War-3 Sun-3 
Pe-| Wd-5 Ta-1 
Pe-2 Wn-|l Ta-2 
Pet-1 Wr-5 Ta-3 
Pig-1 Sulfur Ta-4 
Ray-| Amp-2 Tb-1 
Ray-2 Amp-3 Tb-2 
Ray-3 Bau-11 Ut-2 
Rc-1 Bea-2 Va-4 
Rg-1 Bea-3 Wj-1 
RI-1 Bea-4 Tantalum 
Rm-1 Boa-1 Cr-1 
Rm-2 Bor-1 Cr-2 
Ros-1 Bor-2 Do-2 
Rs-2 Bos-1 Do-3 
Se-2 Bos-2 Ha-38 


Se-6 Bos-3 Ha-50 


BIBLIOGRAPHY FOR BIOLOGICAL DATA 


Tantalum (contd.) Thorium (contd.) Thorium (contd.) 
Ha-83 Ah-1 Ros-1 
Ha-87 Am-1 Ros-2 
Ha-88 At-13 Ros-4 
Ha-101 Bh-1 Rs-2 
Rt-1 Bh-4 Sco-2 
Su-1 Bh-6 Sco-3 
Su-2 BI-1 Se-2 
Su-3 Boe-1 Se-4 

’ Technetium Br-49 Se-6 
Ha-19 Br-54 Sl-1 
Ha-21 Brg-1 Ste-2 
Ha-101 Dw-2 Stn-3 

Tellurium Erl-1 Stn-4 
De-1 Et-1 Stn-5 
De-2 Fk-4 Stn-8 
Ha-1 Fk-7 Stn-9 
Ha-4 Fr-2 Stn-10 
Ha-9 Fra-| To-3 
Ha-10 Fu-l Vd-1 
Ha-26 Gb-1 Wit-1 
Har-3 Ge-2 Thulium 
Ja-2 Ha-1 Ha-32 
Led-1 Ha-8 Ha-36 
Ly-1 Ha-26 Ha-50 
Mx-3 Ha-27 Ha-84 
Ros-1 Ha-29 Ha-88 
Rt-] Ho-4 Jy-6 

Terbium Hu-7 Ky-7 
Dur-3 Hu-14 Ky-8 
Ha-31 Hu-15 Ros-! 
Ha-34 Hy-2 Tin 
Ha-36 Ja-3 Alb-1 
Ha-63 Lb-2 Brd-2 
Ha-79 Lb-6 Ck-4 
Ha-83 Lb-7 Ck-7 
Ha-89 Lb-10 Dt-l 
Ky-8 Mae-1 Ew-2 

Thallium Mae-2 Ha-18 
Bc-1 Mau-! Ha-19 
Cox-1 Mau-2 Ha-20 
Dur-1 Mau-3 Ha-101 
Ha-34 Mi-1 Kc-1 
Ha-84 Mik-1 Kh-4 
Ha-101 Mn-9 Kh-9 
Kh-9 Mn-11 Kn-2 
Ld-1 Mt-l Sei-1 
Ld-2 Mt-2 Sha-1 
Rg-2 Mys-3 Sun-3 
Rt-l Or-1 Sv-1 
Shw-1 Pr-1 Sz-l 
Te-1l Rd-1 Ti-1 through Ti-7 
Tru-1 Reh-1 Tie-1 

Thorium Rj-1 Titanium 
Ac-7 Rj-2 Bar-1 
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Titanium (conid.) 


Beg-4 
Beg-5 
Bli-1 
Brg-1 
Cv-1 
Ew-2 
Gol-1 
Kce-1 
Kh-9 
Kk-] 
Kk-2 
Mai-! 
Mai-2 
Mai-3 
Mai-4 
Mai-5 
Rc-1 
San-| 
Sha-1 
St-1 
Sti-3 


Ti-1 through Ti-7 


Uranium 
Ac-1 
Ber-1 
Ber-2 
Ber-3 
Ber-4 
Ber-5 
Bh-4 
Bh-6 
Br-5 
Br-15 
Br-18 
Br-40 
Br-44 
Dal-1 
Dw-2 
Er-] 
Fk-4 
Fk-6 
Fk-7 
Fu-1 
Ha-1 
Ha-3 
Ha-16 
Ha-17 
Ha-19 
Ha-92 
Hd-1 


Hf-1 through Hf-9 


Ho-2 
Ho-3 
Ho-7 


Uranium (contd.) 


Ho-8 
Ho-9 
Ho-10 
Ho-14 
Hv-1 
La-2 
Ly-1 
McL 
Ni-2 
No-5 
No-8 
Nu-1 
Nu-2 
Nu-3 
Nu-6 
Nu-8 
Nu-10 
Pet-] 
Rt-1 
Sae-1 
Se-2 
Sny-1 
Sto-1 
Sto-2 
Sx-1 
Tn-1 
Tn-2 
Tn-3 
Vo-l 
Vanadium 
Di-1 
Di-2 
Ha-16 
Ha-95 
Ht-3 
Kce-1 
Kh-9 
Kn-1 
MI1-2 
Mx-3 
Rg-2 
Rt-1 
San-1 
Sha-1 


Ti-1 through Ti-7 


TI-1 
Un-1 
Wolfram 

Ha-84 
Ha-101 
Kin-1 
Kin-2 
Kin-3 
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Wolfram (Conid.) 


Ws-1 
Ws-2 
Xenon 
Fea-1 
Fea-2 
Ha-1 
Ha-4 
Ha-9 
Ha-10 
Ha-26 
Ha-51 
Hd-1 
La-6 
Ytterbium 
Ha-33 
Ha-36 
Ha-86 
Yttrium 
Ab-4 
Ac-4 
At-9 
BI-1 
Br-1 
Br-6 
Br-12 
Br-20 
Br-21 
Br-28 
Br-29 
Bul-1 
Co-8 
Co-17 
Co-18 
Co-34 
Cr-1 
Do-1 
Do-2 
Do-3 
Du-17 
Du-18 
Fk-4 
Fr-7 
Fra-1 
Fu-1 
Gra-l 
Ha-1 
Ha-4 
Ha-5 
Ha-7 
Ha-9 
Ha-10 
Ha-14 
Ha-15 
Ha-18 
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Yttrium (conid.) Zinc (contd.) Zinc (conid.) 
Ha-19 Brg-1 Sn-2 
Ha-21 Ck-8 Sn-4 
Ha-22 Co-3 Sz-l 
Ha-26 Co-10 Ti-1 through Ti-7 
Ha-40 Co-13 Tie-1 
Ha-50 Co-17 Tu-1 
Ha-51 Co-18 Tup-1 
Ha-64 Co-20 Ty-2 
Ha-86 Co-38 Un-1 
Hd-1 Ct-2 Ut-2 
Hy-4 Cu-1 Ve-1 
Jy-2 Dk-1 Ve-2 
Jy-3 Dri-1 Ve-4 
Jy-6 ) Ej-2 Wa-3 
Kt-12 Ev-1 Wd-7 
Ky-4 Ew-l Zirconium 
Ky-5 Ew-2 Ab-4 
Ky-6 Fe- l BI-1 
Ky-7 Fe-2 Cr-1 
9% oe Cr-2 

1 by 4 zu- ‘ 
Ls-2 Gu-2 gh 
Ls-4 Gu-3 Dist 
Ls-7 Ha-21 Do-2 
Lt-2 He-1 Ha-1 
Lt-3 Hea-1 Ha-4 
Lx-1 Hy-4 Ha-7 
Md-17 Hy-9 Ha-9 
Rs-2 Kas-1 Ha-15 
Se-2 Kc-1 Ha-16 

Big aap a 
Se-3 Kc-2 Ha-19 
Spo-1 Kh-8 Ha-20 
Su-l Kh-9 = 
Su-2 Kor-1 oe 
Su-3 Kt-12 ai 
Su-4 Low-1 Ha-26 
Tm-l Lu-| a 
Tm-2 McI-1 Ha-51 
Tm-8 Mw-1 Hd- I 
Tm-9 Mw-3 Kor-| 
Va-2 Mw-4 Led-! 
Va-8 Mw-5 Mea-! 

Zinc Mw-6 Rt-l 
Alb-1 Re-l Sco-4 
Ban-1 Rg-1 Se-2 
Be-1 Rie-1 Se-4 
Bee-1 Ros-4 Su-2 
Bg-1 Rt-l Ut-l 
Bg-2 Rw-! Fission products 
Bg-3 Sad-1 Bl-1 
Bg-5 Sct-1 Co-8 
Bg-6 Sh-1 Co-17 
Bir-1 Sha-1 Co-18 
Br-54 Sn-1 Ha-28 
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Fission products (conid.) 
Hy-4 
Hy-5 
Ja-5 
Ln-10 
Ly-1 
Lz-1 
Mw-2 
Pet-1 
Rs-2 
Ut-2 
Ut-3 


General 
Ag-1 
Ag-2 
Ba-1 
Be-1 
Br-22 
Br-31 
Br-51 
Ch-1 
Co-21 
Cp-1 
Ev-1 


General (contd.) 
Fa-1 
Gd-1 . 
Hw-! 
Hy-1 
Jb-1 
Mow-! 
Ni-3 
Nu-4 
Pt-1 
Wg-1 


